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**  Perhaps  no  single  subject  of  elementary  instruction  has  suffered  so 
much  from  lack  of  scholarship  on  the  part  of  those  who  teach  it  as  mathe- 
matics. Arithmetic  is  universally  taught  in  schools,  but  almost  invariably 
as  the  art  of  mechanical  computation  only.  The  true  significance  and 
the  symbolism  of  the  processes  employed  are  concealed  from  pupil  and 
teacher  alike.  This  is  the  inevitable  result  of  the  teacher*s  lack  of 
mathematical  scholarship. 

**  The  subtlety,  delicacy,  and  accuracy  of  mathematical  processes  have 
the  highest  educational  value,  both  direct  and  indirect.  To  treat  them 
as  mechanical  routine,  not  susceptible  of  explanation  or  illumination  from 
a  higher  point  of  view,  is  to  destroy  in  large  measure  the  value  of  mathe- 
matics as  an  educational  instrument,  and  to  aid  in  arresting  the  mental 
development  of  the  pupil.  ^* 

Nicholas  Mubbay  Butleb,  Ph.D.,  LL.D., 

President  of  Columbia  University. 

**  The  chief  thing  is  that  every  teacher  be  active,  and  growing  scien- 
tifically and  pedagogically  ;  that  he  add  to  his  mathematical  attainments 
year  by  year,  and  that  he  study  to  improve  in  the  art  of  teaching." 

J.  W.  A.  YouNO,  Ph.D., 

AssistarU  Professor  of  the  Pedagogy  of  Mathematics 

in  the  University  of  Chicago, 

^*  Since  it  appears  that  arithmetic  is  taught  for  these  two  general  reasons 
(culture  and  utility),  a  question  arises  as  to  their  relative  importance. 
But  this  it  is  impossible  to  answer.  We  lack  a  unit  of  measure.  Laisant 
remarks  that  it  is  like  asking  which  is  the  more  important,  eating  or 
sleeping ;  the  loss  of  either  is  fatal.  The  teacher  who  recognizes  in  the 
subject  only  its  applications  to  trade  would  better  give  up  teaching ;  the 
one  who  sees  In  it  only  an  exercise  in  logic  v^ill  also  fail ;  but  the  greatest 
failure  comes  from  seeing  in  the  subject  neither  utility  nor  logic,  as  is  the 
case  with  the  teacher  who  blindly  follows  the  old  style,  traditional  text- 
book." 

David  Eugene  Smith,  Ph.D., 

Professor  of  Mathematics,  Teachers*  CoUege, 

Columbia  University, 
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PREFACE 

In  the  preparation  of  the  "Elements  of  Arithmetic" 
the  authors  have  aimed  to  give,  in  the  first  place,  a  simple, 
clear,  and  rational  development  of  the  principles  of  arith- 
metic, and,  in  the  second  place,  to  illustrate  these  princi- 
ples by  an  abundance  and  a  variety  of  examples  in  simple 
computations  of  a  character  that  may  be  of  interest  to 
the  average  individual  in  the  everyday  life  of  our  time. 
Arithmetic  is  generally  taught  with  two  ends  in  view, 
namely,  as  an  exercise  to  induce  thought  and  as  the  art 
of  ciphering.  We  have  endeavored  to  keep  both  these 
ends  prominent. 

This  is  not  a  book  of  verbal  rules.  We  have  in  a  few 
instances,  however,  taken  the  liberty  to  state  rules  after 
a  thorough  exposition  of  the  reasons  underlying  them. 
We  are  believers  in  the  maxim  of  Sir  Isaac  Newton, 
"Exempla  magis  prosunt  quam  precepta."  We  have 
shown  evidence  of  this  belief  in  giving  in  this  book  solu- 
tions of  almost  every  variety  of  problem.  These  solutions 
are  in  mathematical  form  and  are  for  pupils  to  think  over 
and  to  imitate. 

The  first  half  of  this  book  contains  no  difiicult  exam- 
ples. It  is  believed  that  a  child  of  average  ability  can 
readily  be  trained  to  solve  any  problem  in  the  first  nine 
chapters.  The  mind,  as  Dryden  long  ago  pointed  out, 
can  take  in  but  a  single  idea  at  a  time.     Children  cannot 
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do  two  thiDgs  at  one  time.  They  should  not  be  expected, 
for  instance,  to  grapple  with  problems  requiring  for  their 
solutions  much  ability  to  reason,  until  they  have  attained 
some  proficiency  in  rapid  and  accurate  work  in  the 
four  simple  rules.  On  the  other  hand,  in  problems  re- 
quiring some  ability  in  arithmetical  analysis,  complexity 
in  the  mechanical  computations  should  not  be  a  character- 
istic feature.  As  a  rule,  throughout  the  book  the  exam- 
ples illustrating  each  topic  are  at  first  very  simple,  and,  in 
all  examples  requiring  for  their  solution  close  reasoning, 
the  mechanical  work  is  so  sipiple  that,  in  almost  all 
instances,  it  can  be  performed  mentally. 

It  may  not  be  out  of  place  to  say  that  all  the  most 
difficult  examples  in  Compound  Quantities,  Longitude 
and  Time,  Percentage,  Interest,  Bank  Discount,  Taxes, 
Duties,  Insurance,  and  in  the  first  set  of  Miscellaneous 
Examples  have  been  assigned  to  the  pupils  of  two  classes 
reviewing  arithmetic  during  the  past  three  months  under 
the  tutorship  of  one  of  the  authors. 

The  authors  are  not  theorists,  they  have  no  hobbies  to 
ride,  they  are  believers  in  the  Socratic  method  of  teaching, 
and  they  think  that  the  prime  requisite  in  the  teaching  of 
arithmetic  is  a  teacher  possessing  a  knowledge  of  arith- 
metic and  some  ability  to  teach  the  subject. 

Long  experience  in  the  class  room  and  observation  of 
the  work  done  by  other  teachers  have  convinced  us  that 
there  are  weak  spots  in  the  teaching  of  arithmetic. 

Our  Decimal  System  of  Notation,  so  essential  as  a  ground- 
work in  arithmetic,  is  rarely  presented  from  a  correct  or 
a  logical  point  of  view ;  and  as  a  result  the  pupils'  knowl- 
edge of  notation  is  hazy  and  inexact.  This  is  our  apology 
for  giving  more  space  to  this  topic  than  is  given  in  any 
other  elementary  text-book  with  which  we  are  acquainted. 


PBEFAOB  IX 

We  have  given  also  more  space  to  Compound  Quantities 
than  is  usual  in  text-books.  We  have  here  aimed  at  sim- 
plicity, fullness,  and  depth.  If  we  have  gone  deep  into  the 
matter,  we  have  at  the  same  time  taken  pains  to  throw 
light  upon  the  subject.  Teachers  who  lay  stress  upon 
the  ratio  idea  of  number  are  compelled,  if  they  know 
what  ratio  means,  to  give  space  to  denominate  quan- 
tities. While  we  are  not  of  the  ratio  school,  we  have 
tried  to  illustrate  the  ratio  idea,  at  least,  as  fully  as  the 
most  ardent  ratio  pedagogue. 

Attention  is  invited  to  our  treatment  of  Percentage. 
If  our  point  of  view  is  right,  the  majority  of  text-books 
are  at  fault  in  presenting  this  topic.  We  are  decidedly 
of  the  opinion  that  upwards  of  ninety  per  cent  of  the 
authors  of  text-books  on  arithmetic  have  never  seriously 
considered  what  rate  and  rate  per  cent  mean. 

Nearly  every  elementary  text-book  on  arithmetic  gives 
space  to  the  Metric  System.  In  almost  all  books  the 
Metric  System  is  treated  so  as  to  make  the  system  unin- 
teresting, especially  to  the  young  learner.  The  purpose 
of  treating  the  Metric  System  should  not  be  the  conver- 
sion of  metric  units  into  the  units  of  some  other  system. 
The  one  chief  aim  of  taking  up  the  Metric  System  should 
be  to  acquaint  the  pupils  with  the  Metric  System  itself, 
and  thereby  to  let  them  see  for  themselves  how  much 
simpler,  more  rational,  and  more  scientific  this  system  is 
than  any  other  system  devised. 

In  the  last  few  years  a  great  deal  has  been  written  on 
the  teaching  of  arithmetic.  The  recent  reports  of  city 
superintendents,  especially  in  the  larger  cities,  are  full  of 
suggestions  and  of  criticisms.  One  superintendent  re- 
marks, "  There  is  a  tendency  on  the  part  of  some  of  our 
teachers  to  ignore  the  necessity  of  drill  on  very  simple 
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matters,  and  to  be  in  a  hurry  to  pass  to  considerations 
involving  complexity.  There  should  be  a  large  amount 
of  practice  on  simple  phases  of  the  work  until  we  get 
something  like  expertness  before  we  attempt  complica- 
tions." Lookii;ig  over  several  recent  reports  of  men  of 
wide  reputation,  we  are  forcibly  reminded  of  the  words 
of  Professor  Chrystal  in  his  presidential  address  before 
a  section  of  the  British  Association  :  — 

"Science  in  the  hands  of  specialists  soars  higher  and 
higher  in  the  light  of  day,  while  educators  and  the  edu- 
cated are  left  more  and  more  to  wander  in  primeval 
darkness." 

Modern  writers  on  education  whose  views  are  entitled 
to  profound  respect  recommend  the  early  introduction 
of  general  symbols  to  represent  number.  We  have  not 
introduced  literal  notation  so  early  as  these  writers  recom- 
mend. We  have,  however,  adhered  closely  to  the  mathe- 
matical form,  and,  consequently,  one  could  use  this  book, 
substituting  a  symbol  for  an  idea,  without  any  further 
change  in  the  text. 

We  have  not  introduced  into  this  book  the  negative 
quantity.  An  early  introduction  of  negative  number 
gives  the  unskilled  teacher  an  opportunity  to  make  the 
first  lessons  in  algebra  a  mere  blind  manipulation  of 
symbols. 

Nearly  all  the  examples  in  this  book  are  new.     A  few 

of  the  exercises  were  suggested  by  questions  given  at 

public  examinations. 

THE  AUTHORS. 

Galveston,  Texas , 
May  15, 1903. 
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ELEMENTS  OF  ARITHMETIC 

CHAPTER  I 

DEFINITIONS  ^ 

1.  Arithmetic  is  the  science  of  numbers  and  the  art  of 
computation. 

2.  Counting  is  the  first  and  fundamental  operation  in 
arithmetic.  From  the  earliest  times  people  used  their 
fingers  in  counting.  They  used  also  pebbles,  sticks,  and 
notches  on  wood,  for  the  same  purpose.  The  word  cal- 
culate is  derived  from  a  Latin  word  which  means  a 
pebble.  The  word  digits  to  be  explained  presently,  is 
also  derived  from  a  Latin  word  which  means  a  finger. 
When  we  count  things  and  thereby  find  out  an  answer 
to  the  question,  how  many  ?   we  get  a  number. 

3.  Number  is  an  answer  to  the  question,  how  many? 

4.  Any  one  of  the  natural  numbers,  one,  two,  three,  four, 
five,  etc.,  is  called  an  integer,  integral,  or  whole  number. 

5.  A  unit  is  one  thing  or  a  group  of  things  regarded  as 
a  single  thing. 

We  may  count  by  ones,  by  twos,  by  threes,  or  by  any 
other  number.  Any  one  thing  that  we  cotint  by,  or  any 
standard  that  we  measure  by,  is  a  unit.  When  eggs  are 
bought  by  the  dozen,  the  unit  is  a  dozen  eggs ;  when  lum- 
ber is  bought  by  the  thousand  feet,  the  unit  is  a  thousand 
feet  of  lumber ;  when  time  is  computed  in  hours,  the 
unit  is  one  hour  ;  when  distances  are  reckoned  in  feet,  in 
B  1 


2  ARITHMETIC 

yards,  or  in  miles,  the  unit  in  each  ease  is  respectively  a 
foot,  a  yard,  or  a  mile. 

6.  A  number  thought  of  with  reference  to  some  specific 
unit  is  called  a  concrete  number.  The  term  concrete  is  used 
for  purposes  of  explanation.  Strictly  speaking,  there  is 
nothing  concrete  about  number.  Four  apples,  six  men, 
eight  dollars,  are  examples  of  concrete  number. 

7.  An  abstract  number  is  one  thought  of  without  refer- 
ence to  any  particular  unit.  In  case  of  an  abstract  num- 
ber, the  unit  is  not  named.     Examples  :  three,  nine,  fifty. 

NUMERATION 

8.  Numeration  is  the  art  of  expressing  numbers  in 
words. 

The  names  for  the  first  ten  numbers  are  one,  two,  three, 
four,  five,  six,  seven,  eight,  nine,  ten.  These  names  have 
no  etymological  connection  with  one  another.  The  name 
seven  does  not  indicate  any  relation  to  six.  If  the  names 
of  numbers  were  framed  on  the  principle  of  absolute  inde- 
pendence of  one  name  of  another  name,  the  task  of  learn- 
ing number  names  and  number  values  would  be  laborious 
in  the  extreme. 

The  method  of  numeration  adopted  everywhere  is  quite 
simple.  By  combining  a  few  number  names,  we  are  enabled 
to  express  in  words  all  numbers. 

After  ten  comes  eleven,  twelve,  thirteen,  fourteen,  fif- 
teen, sixteen,  seventeen,  eighteen,  nineteen,  twenty  .^  The 
remaining  number  names  are  thirty,  forty,  fifty,  sixty, 
seventy,  eighty,  ninety,  hundred,  thousand,  million,  billion, 
trillion. 

Eleven  literally  means  one  placed  upon  ten. 

Twelve  literally  means  two  placed  upon  ten. 


NOTATION  ,  a 

Thirteen  means  three  and  ten. 

Fourteen  means  four  and  ten.  Seventeen  means  seven 
and  ten.  Twenty  means  two  tens.  Twenty-one  means 
two  tens  and  one.  Thirty  means  three  tens.  Thirty-four 
means  three  tens  and  four.  Sixty  means  six  tens.  Eighty- 
seven  means  eight  tens  and  seven.  One  hundred  is  ten 
tens.  One  thousand  is  ten  hundreds.  Ten-thousand  is 
ten  groups  of  a  thousand  each.  One  hundred-thousand  is 
ten  groups  of  ten-thousand  each. 

Ones,  tens,  hundreds,  thousands,  ten-thousands,  are  re- 
spectively called  units  of  the  first  order,  units  of  the  second 
order,  units  of  the  third  order,  units  of  the  fourth  order, 
units  of  the  fifth  order.  In  this  system  of  naming  num- 
bers, ten  units  of  any  order  are  equal  to*  one  unit  of  the 
next  higher  order.  Obviously^  ten  is  the  basis  of  the  sys- 
tem. On  this  account  our  number  system  is  known  as  the 
decimal  syBtem  (Latin  decern^  ten). 

NOTATION 

9.  Notation  is  the  art  of  expressing  numbers  by  means 
of  figures.  Every  number  can  be  expressed  by  one  or 
more  of  the  following  figures  or  symbols : 

12  3  4  6  6 

one  two  three  four  five  six 

7  8  9  0 

seven        eight  nine  zero,  naught,  or  cipher. 

The  first  nine  of  these  figures  are  called  digits  or  signifi- 
cant figures. 

10.    Notation  of  tens  and  ones : 

In  order  to  understand  the  principle  upon  which  num- 
bers greater  than  nine  are  expressed  in  figures,  consider 
the  case  of  a  person  counting  upon  his  fingers.     Suppose 
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he  makes  a  mark  for  the  first  ten  he  counts,  another  mark 
for  the  second  ten  he  counts,  a  third  mark  for  the  third 
ten,  and  so  on.     Suppose  the  final  result  is  as  follows: 

*  The  stars  indicate  the  number  of  tens  counted, 

*  1 1 1 1 1 1   and  the  strokes  the  number  of  single  objects. 

*  Here,  we  have  four  tens  and  six,  or  forty-six. 
Suppose  further  that  instead  of  the  four  stars  we  agree  to 
write  the  digit  four  and  instead  of  the  six  strokes  we 
write  the  digit  six,  we  then  have  the  combination  46. 
By  this  agreement  we  can  represent  by  two  figures  all 
integers  larger  than  nine  and  less  than  one  hundred. 
What  does  the  combination  37  represent?  Evidently 
three  tens  and  seven  ones,  or  thirty-seven.  What  does 
the  combination  60  represent?  It  represents  six  tens 
and  no  ones,  and  is  read  sixty.  In  integral  numbers  of 
two  figures  the  right-hand  digit  represents  as  many  ones 
as  its  name  indicates,  and  the  left-hand  figure  as  many 
tens  as  its  name  indicates.  The  place  the  right-hand 
figure  occupies  is  called  the  units'  place,  and  the  place  the 
figure  to  its  left  occupies  is  called  the  tens'  place. 

NOTATION  OF  HUNDREDS,  TENS,  ONES 

11.  Hundreds  are  expressed  by  writing  the  digit  indi- 
cating the  number  of  hundreds  immediately  to  the  left  of 
the  tens'  place.  Thus  the  number  three  hundred  fifty- 
four  is  written  354.  The  digit  4  is  written  in  the  units' 
place,  5  in  the  tens'  place,  and  3  in  the  hundreds'  place. 
What  number  is  expressed  by  the  combination  708  ?  This 
means  7  hundreds,  no  tens,  and  8  ones,  and  is  read  seven 
hundred  eight.  Similarly,  the  combination  930  means 
9  hundreds,  3  tens,  iand  no  ones,  and  is  read  nine  hundred 
thirty.  The  combination  110  means  1  hundred,  1  ten,  no 
ones,  and  is  read  one  hundred  ten. 
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EXERCISE  I 

Express  in  words : 

107,  209,  500,  523,  192,  181,  175,  163,  361,  316,  613, 
300,  900,  784,  927,  737,  222,  555,  801,  624,  642,  690,  609, 
906,  342,  234,  432,  999. 

What  is  the  value  of  a  digit  in  the  units'  place  ? 

What  is  the  value  of  a  digit  in  the  tens'  place  ? 

What  is  the  value  of  a  digit  in  the  hundreds'  place  ? 

Has  the  figure  0  ever  any  value?  Of  what  use,  then,  is 
the  figure  0  ?  Ans.  It  serves  to  keep  the  digits  in  their 
proper  places. 

Upon  what  does  the  value  of  a  digit  depend? 

Write  in  figures  : 

Three  hundred  twenty-four,  two  hundred  eighty,  four 
hundred  four,  three  hundred  three,  seven  hundred  eight, 
three  hundred  twelve,  eight  hundred  fourteen,  six  hun- 
dred eighteen,  five  hundred  thirteen,  seven  hundred  seven- 
teen, nine  hundred  fifteen,  eight  hundred  sixteen,  two 
hundred  eighty-four,  six  hundred  ninety-eight,  seven  hun- 
dred, four  hundred. 

Nine  hundred  seven,  six  hundred  sixty,  foui*  hundred 
thirty,  two  hundred  forty,  eight  hundred  eighty,  five 
hundred  eighty,  five  hundred  ten,  seven  hundred  eleven, 
three  hundred  nine,  three  hundred  ninety,  nine  hundred 
forty,  five  hundred  forty-four,  seven  hundred  seventy- 
one,  six  hundred  ninety-nine,  four  hundred  eighty- 
three,  nine  hundred  seven,  two  hundred  nine,  eight 
hundred. 

What  is  the  largest  integer  expressed  by  three  fig- 
ures? What  is  the  smallest  integer  expressed  by  three 
figures?  What  is  the  smallest  integer  expressed  by 
three  digits?     What  is  the  largest  integer,  greater  than 
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800  and  beginning  with  8,  expressed  by  three  digits? 
What  is  the  largest  integer  beginning  with  2,  greater 
than  200,  expressed  by  three  figures  and  containing  two 
digits? 

NOTATION  OF  NUMBERS  OF  FOUR  OR  MORE  FIGURES 

12.  Since  ten  groups  of  a  hundred  each  make  one  thou- 
sand and,  furthermore,  since  one  thousand  is  a  unit  of  the 
fourth  order,  it  is  natural  to  expect  that  thousands  should 
be  written  in  the  fourth  place,  i.e.  just  to  the  left  of  hun- 
dreds. This  is  actually  the  case.  Two  thousand  three 
hundred  twelve  is  written  2312.  What  does  the  combi- 
nation of  figures  7082  mean?  It  means  7  thousands,  no 
hundreds,  8  tens,  2  ones,  and  is  read  seven  thousand 
eighty-two.  What  does  the  combination  2003  mean?  It 
means  2  thousands,  no  hundreds,  no  tens,  three  ones,  and 
is  read  two  thousand  three. 

EXERCISE  2 

Express  in  figures  : 

Four  thousand,  two  hundred  eighty-three ;  three  thou- 
sand, three  hundred  twenty  ;  five  thousand,  four  hundred 
eight;  four  thousand,  four;  eight  thousand,  ten;  six 
thousand,  forty;  eight  thousand;  nine  thousand;  one 
thousand,  one ;  seven  thousand,  seventy. 

13.  The  next  place  to  the  left  of  thousands  is  called  the 
ten-thousands'  place,  and  the  one  immediately  to  the  left 
of  the  ten-thousands'  is  called  the  hundred-thousands' 
place.  Thus  the  figures  652384  represent  6  hundred- 
thousands,  6  ten-thousands,  2  thousands,  3  hundreds,  8 
tens,  4  ones.  This  combination  is  read  six  hundred  fifty- 
two   thousand,  three   hundred   eighty-four.      The   place 
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next  to  the  hundred-thousands'  place,  and  to  the  left,  is 
called  the  millions'  place. 

This  system  of  notation  is  called  the  decimal  Bystem; 
also  the  Arabic,  on  account  of  its  having  been  brought 
into  Europe  by  the  Arabs.  The  system  came  originally 
from  the  Hindus. 

READING  INTEGERS 

14.  A  number  represented  by  three  figures,  for  exam- 
ple, by  the  figures  456,  is  read  four  hundred  fifty-six.  To 
read  a  number  expressed  by  more  than  three  figures  we 
proceed  as  follows :  begin  at  the  right,  i.e.  with  units  of 
the  first  order  and  mark  off  with  commas  the  figures  in 
groups  of  three.  The  three  places  in  which  units  of  the 
first  order  occur,  constitute  what  is  called  the  units' 
period ;  the  next  three  places,  the  thousands'  period ;  the 
next  three  places,  the  millions'  period ;  the  next  three 
places,  the  billions'  period,  and  so  on  as  far  as  may  be 
required.  As  an  illustration,  take  the  number  repre- 
sented by  the  figures  34728316.  Marking  off  in  periods, 
we  have  34,728,316.  Second  step:  beginning  with  the  left- 
hand  period,  read  the  figures  in  each  period  as  if  they  alone 
were  the  only  figures  under  consideration,  adding  at  the 
same  time  the  name  of  the  period  they  occupy,  excepting 
that  of  units  in  the  units'  period.  The  above  number  is 
read  :  thirty -four  million,  seven  hundred  twenty-eight 
thousand,  three  hundred  sixteen. 

Read  the  number  represented  by  3026083.  First  mark 
off,  and  we  have  3,026,083.  The  number  is  read  three 
million,  twenty-six  thousand,  eighty-three. 

Note.  Hereafter  we  shall  designate  combinations  of  figures  as 
numbers ;  this  amounts  to  making  use  of  a  figure  of  speech. 
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EXERCISE  3 

2x 

press  in  words 

1. 

45289. 

10. 

910003. 

19. 

8307308. 

2. 

90208. 

11. 

728000. 

20. 

8000401. 

3. 

76307. 

12. 

400098. 

21. 

7000014. 

4. 

392394. 

13- 

902023. 

22. 

6100079. 

5. 

738211. 

14. 

630006. 

23. 

3927173. 

6. 

328993. 

15. 

1000000. 

24. 

5009020. 

7. 

401012. 

16. 

2227001. 

25. 

8000904. 

8. 

300287. 

17. 

3456000. 

26. 

6203003. 

9. 

200020. 

18. 

9287003. 

27. 

9000090. 

WRITING  INTEGERS 

15.  To  express  numbers  in  figures  the  following  directions 
must  be  attended  to : 

.1.  Begin  with  the  highest  period  and  write  it  down  as 
if  it  were  a  number  consisting  of  one,  two,  or  three  fig- 
ures, as  the  case  may  be,  then  write  after  it  a  comma. 

2.  Treat  the  next  highest  period  in  the  same  manner, 
and  so  on ;  a  comma  is  written  after  each  period  except- 
ing the  units'  period.  Should  any  places  be  without 
digits,  fill  them  in  with  ciphers. 

Write  in  figures  two  million,  three  thousand  ten, 
2,003,010.  Here  we  write  down  2  in  the  millions'  place, 
3  in  the  thousands'  place,  and  1  in  the  tens'  place.  There 
are  no  hundreds  in  the  units'  period  and  there  are  no  ten- 
thousands  and  hundred-thousands  in  the  thousands'  period. 
Hence  we  fill  those  places  with  zeros.  Notice,  the  digits 
in  each  period  other  than  the  units'  period  are  read  in 
exactly  the  same  way  as  the  digits  of  the  units'  period. 
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y 

EXERCISE  4 

Write  in  figures : 

1.  Four  thousand,  eight  hundred  twenty-seven. 

2.  Nine  thousand,  seven  hundred  one. 

3.  Sixty-eight  thousand,  four  hundred  fifty-two. 

4.  Forty-seven  thousand,  three  hundred  eight. 

5.  Ninety  thousand,  six  hundred  four. 

6.  Eighty-seven  thousand,  one  hundred  one. 

7.  Twenty -two  thousand,  three  hundred  eleven. 

8.  Twelve  thousand,  fifteen. 

9.  Eighteen  thousand,  eighteen. 

10.  Fourteen  thousand,  thirty-four. 

11.  Thirteen  thousand,  five. 

12.  Ninety  thousand,  nine. 

13.  Fifty-four  thousand,  eleven. 

14.  Seventy-three  thousand,  one. 

15.  Six  hundred  four  thousand,  two  hundred  one. 

16.  One  hundred  sixty-three  thousand,  ten. 

17.  One  hundred  one  thousand,  three  hundred. 

18.  One  hundred  thousand,  seven. 

19.  Four  hundred  ten  thousand,  one  hundred  twenty- 
seven. 

20.  Five  hundred  four  thousand,  three  hundred  eight. 

21.  Five  hundred  thousand,  eleven. 

22.  Six  hundred  thousand,  seventeen. 

23.  Nine  hundred  ninety  thousand,  fifteen. 

24.  Two  hundred  one  thousand,  one. 

25.  Seventy-two  thousand,  four. 
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16.   What  is  the  largest  number  of  five  figures  ? 

What  is  the  smallest  number  of  five  figures  ? 

What  is  the  largest  number  of  five  figures  one  of  which 
is  a  digit  ? 

What  is  the  smallest  number  of  five  digits  ?  Answer 
like  questions,  substituting  four  for  five  and  also  six  for 
five. 

What  is  the  largest  number  expressed  by  the  digits  9, 
4,7,8,3? 

What  is  the  smallest  ?  Write  all  the  numbers  of  three 
digits  expressed  by  the  digits  1,  2,  3. 


CHAPTER  II 
ADDITION 

17.  How  many  are  6  apples  and  7  apples  ? 

A  child  who  reckons  with  the  aid  of  his  fingers  would 
work  this  exercise  as  follows  :  moving  a  finger  for  each 
one  coimted,  he  would  say  7,  8,  9,  10,  11,  12,  13,  stopping 
when  he  has  moved  the  second  finger  of  the  second  hand. 
If  we  designate  the  apples  by  strokes,  writing  6  strokes  to 
represent  the  six  apples,  and  7  strokes  to  represent  the  7 
apples,  and  if  furthermore  we  place  those  strokes  close 
by  and  in  the  same  line,  we  have  then  the  following 
arrangement :  //////,///////.  Counting  from  left 
to  right  we  get  as  before  13^  As  a  matter  of  fact,  in 
combining  two  numbers  into  a  single  number  we  count 
forward  from  the  first  number.  In  the  above  instance  we 
count  from  6,  advancing  one  for  each  individual  the 
second  number  contains. 

18.  A  boy  walks  on  one  day  4  miles,  the  next  day  7 
miles,  and  the  third  day  6  miles.  How  many  miles  did 
he  walk  altogether  ?  Representing  the  miles  by  strokes, 
we  have,  ////,  ///  ///  /,  ///  ///.  Counting  onward 
from  4,  we  have  17  in  all. 

19.  The  result  of  counting  two  or  more  numbers  is  called 
their  smn. 

20.  Addition  ia  the  prooesB  of  finding  the  sum  of  two  or 
more  numbers  of  the  same  kind.  It  is  a  short  method  of 
counting. 

11 
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21.  The  numbers  to  be  added  are  called  addends. 

22.  Numbers  of  the  same  kind  are  numbers  which  can 
be  compared  with  each  other  as  to  largeness  or  smallness. 
For  example,  6  dollars  and  4  dollars  are  concrete  quan- 
tities of  the  same  kind;  so,  also,  are  6  feet  and  5  yards, 
although  in  this  instance  the  units  are  of  different  denomi- 
nations, one  being  a  foot  and  the  other  a  yard.  Examples 
of  number  not  of  the  same  kind,  7  ducks,  4  miles ;  3 
inches,  2  acres.     Such  quantities  cannot  be  added.        / 

In  the  addition  of  abstract  numbers,  the  addends  are 
assumed  to  be  of  the  same  kind. 

23.  The  symbol  for  addition  is  -|-  and  it  is  read  plus. 
The  symbol  =  is  read  equal  or  equals,   and  denotes 

equality.     Thus,  9  -h  8  =  17  is  read  9  plus  8  equals  17. 

1.  Add :  7  feet,  6  feet ;  9  yards,  8  yards ;  6  horses,  9 
horses  ;  17  dollars,  8  dollars.  i 

2.  Add :  5  ones,  11  ones  ;  16  ones,  8  ones ;  6  tens,  9 
tens  ;  8  hundreds,  5  hundreds  ;  9  thousands,  4  thousands ; 
express  the  results  in  the  decimal  notation.  * 

3.  How  many  ones  make  ten  ?  How  many  tens  make  a 
hundred?    How  many  hundreds  make  a  thousand? 

4.  Add  :  7  dimes,  12  dimes ;  4  dollars,  9  dollars ;  6  ten- 
dollar  bills,  5  ten-dollar  bills. 

5.  What  effect  upon  the  sum  has  changing  the  order 
in  which  numbers  are  added  ?     Explain  your  answer. 

EXERCISE  5  (Oral) 
Count  to  100  in  each  of  the  following  exercises: 

1.  By  2's  from  0, 1. 

2.  By  3's  from  0,  1,  2. 

3.  By  4's  from  0,  1,  2,  3. 

4.  By  6's  from  0,  1,  2,  3,  4. 
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5.  By  6's  from  0, 1,  2,  3,  4,  5. 

6.  By  7's  from  0,  1,  2,  3,  4,  5,  6. 

7.  By  8's  from  0,  1,  2,  3,  4,  5,  6,  7. 

8.  By  9's  from  0,  1,  2,  3,  4,  5,  6,  7,  8. 

Note.  In  every  exercise  in  addition  results  only  should  be  an- 
nounced. Thus,  in  adding  3,  4,  7,  9,  a  pupil  should  say  7, 14,  23,  and 
not  3  and  4  are  7,  7  and  7  are  14,  14  and  9  are  23. 

EXERCISE  6  (Oral)  * 

Add  in  succession  2,  8,  4,  5,  6,  7,  8,  9,  to  each  of  the 
-following  numbers  : 

1.  13,  23,  33,  27,  37,  47,  64,  66,  59,  64,  68,  73. 

2.  15,  25,  19, 17,  23,  29,  35,  41,  47,  53,  58,  74. 

3.  14,  21,  24,  28,  32,  36,  44,  49,  59,  69,  76,  78. 

4.  18,  23,  28,  33,  36,  39,  43,  47,  76,  67,  81,  88. 

5.  12, 19,  26,  37,  46,  55,  64,  71,  79,  87,  95,  97. 

6.  5,  11, 17,  25,  29,  31,  39,  41,  46,  52,  59,  69. 

7.  3,  7,  18,  22,  26,  37,  38,  45,  47,  58,  68,  98. 

8.  2,  8,  13,  21,  27,  72,  93,  95,  97,  91,  39,  38. 

9.  Count  by  6's,  by  7's,  by  8's,  by  9's  up  to  130,  begin- 
ning with  19. 

Note.  Exercises  like  the  above  are  of  great  use  in  securing  rapid 
and  accurate  lyork  in  addition.  A  teacher  writes  on  the  blackboard 
several  numbers,  and  one  pupil  is  called  upon  to  add,  say  5  to  each 
number,  another  6  to  each  number,  and  so  on. 

24.  What  is  the  sum  of  38,  44,  79,  97  ?  These  numbers 
being  too  large  to  handle  mentally,  we  break  them  up  into 
parts,  first  adding  the  units  of  the  first  order,  and  then  the 
tens.  For  convenience,  we  arrange  the  numbers  so  that 
units  of  the  same  order  stand  in  the  same  vertical  column. 
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38  Adding  7,  9,  4,  8,  we  have  16,  20,  28.    Now  28 

44  ones  equal  2  tens  and  8  ones.    We  write  the  8  ones 

79  in  the  column  for  ones,  and  we  carry  2  tens  to  the 

97  second  column.    We  have  then  (2,  9,  7, 4,  3)  tens, 

258  i.e.  25  tens;  and  since  10  tens  make  1  hundred, 

25  tens  make  2  hundreds  and  5  tens.     The  final  result 

is  then  2  hundreds,  5  tens,  8  ones,  or  258. 

25.  Since  10  is  the  basis  of  our  system  of  notation,  it  is 
not  at  all  necessary  in  an  addition  exercise  to  make  specific 
ceference  to  the  name  of  the  units  in  adding  any  column 
of  figures.  A  pupil,  before  undertaking  an  exercise  in 
addition,  should  see  that  ones  are  in  the  same  column  with 
ones,  tens  in  the  same  column  with  tens,  hundreds  in  the 
same  column  with  hundreds,  and  so  forth. 

Note.  Hereafter,  we  shall  designate  ones,  or  units  of  the  first 
order,  simply  as  units. 

EXERCISE  7  (Writtert) 


Add: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

29 

38 

98 

57 

98 

63 

345 

641 

777 

37 

94 

37 

76 

94 

56 

993 

258 

938 

38 

80 

40 

73 

82 

97 

400 

923 

924 

49 

68 

64 

92 

74 

92 

732 

806 

389 

10. 

11. 

12. 

13. 

14. 

IS. 

16. 

17. 

386 

894 

268 

4987 

3245 

7777 

9288 

6239 

592 

939 

397 

3829 

6784 

6283 

5573 

3976 

937 

628 

728 

9283 

9293 

7209 

8096 

2898 

884 

776 

909 

5478 

8289 

3908 

9999 

3929 

9376 

9009 

7207 

8839 

5684 
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18. 

59287 
66398 
97324 
70707 
38448 
98924 
59449 


19. 

19299 
76543 
39286 
77596 
83938 
98923 
62334 


20. 

59397 
34568 
62308 
82987 
76923 
83744 
98997 


21. 

82777 
88888 
99319 
44397 
39328 
55319 
77389 


22. 

327398 
234299 
828763 
456909 
123456 
227389 
928542 
829887 


734445 
928997 
629396 
243384 
739928 
219288 
928997 
884386 


24. 

25. 

26. 

27. 

28. 

392368 

327983 

729992 

.  735892 

4387449 

734949 

48728 

847777 

584999 

9777543 

394873 

95493 

318394 

777888 

6393449 

449387 

278384 

738706 

538992 

8587606 

561449 

559999 

888774 

606445 

9020838 

666666 

878447 

929666 

827394 

6699998 

738392 

923987 

123456 

248296 

7394294 

329286 

644772 

790492 

927888 

8972876 

547385 

904709 

987789 

404549 

7449475 

810777 

494555 

729447 

6218298 

29. 

30. 

31. 

32. 

33. 

4792799 

7998992 

5998476 

5879824 

6876894 

8399384 

8409499 

9208503 

9473473 

9219479 

7207383 

7294792 

8392393 

7777888 

7328337 

9476583 

8514798 

6555777 

6456789 

8474494 

4728737 

9998777 

7918924 

9875874 

9318327 

9219777 

6666784 

5729998 

8294295 

6438444 

6444673 

8542728 

6829888 

7318392 

7473478 

8299299 

5293294 

7774673 

9299497 

9888777 

9218288 

4445454 

6428427 

6713729 

6666679 

7666729 

7778898 

9444779 

9873876 

9218289 
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Add  vertically  and  horizontally,  and  finally  sum  the  ver- 
tical and  the  horizontal  totals  : 


392 

965 

873 

699 

222 

876 

329 

888 

307 

399 

643 

707 

393 

448 

937 

878 

638 

427 

388 

542 

929 

928 

925 

394 

234 

396 

555 

443 

776 

457 

878 

320 

289 

732 

901 

543 

889 

326 

587 

443 

Why  should  the  sum  of  the  vertical  and  the  horizontal 
totals  be  the  same  ?  Examples  like  the  above  have  been 
repeatedly  given  in  United  States  Civil  Service  examina- 
tions. They  save  both  teacher  and  pupil  the  trouble  of 
looking  up  answers. 

26.  To  verify  or  check  an  exercise  is  to  perform  an 
operation  to  test  the  correctness  of  the  work.  The  most 
practical  way  of  checking  an  exercise  in  addition  is  to  add 
the  columns  downward. 

EXERCISE  8  (Written) 

1.  A  man  spends  for  board  288  dollars  a  year ;  for 
clothes,  68  dollars ;  for  railroad  fare,  9t>  dollars ;  for  room 
rent,  125  dollars;  for  sundries,  83  dollars,  and  he  saves 
249  dollars.     Find  his  yearly  salary. 

2.  In  a  certain  school  the  number  of  pupils  enrolled 
was: 


First  grade  .  .  119 

Fifth  grade   . 

.  94 

Second  grade .  .  105 

Sixth  grade 

.  78 

Third  grade  .  .   98 

Seventh  grade . 

.  73 

Fourth  grade   .   97 

Eighth  grade  . 

.  68 

ind  the  total  enrollment. 
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3.  Find  the  number  of  days  in  the  first  9  months  of 
this  year  (1903). 

4.  How  many  times  does  a  clock  strike  in  24  hours? 

5.  A  man  owns  land  worth  5487  dollars,  buildings 
worth  3912  dollars,  merchandise  valued  at  2398  dollars, 
and  has  682  dollars  cash.     How  much  is  he  worth  ? 

6.  The  largest  seven  cities  of  Texas  with  their  popula- 
tions, as  given  by  the  census  of  1900,  are  as  follows  : 
San  Antonio     .     .     53,321     Galveston    .     .     .     37,789 
Houston ....     44,633     Fort  Worth      .     .     26,688 
Dallas      ....     42,637     Austin     ....     22,258 

Waco    ....     20,686 
Find  the  total  population  of  these  cities. 

7.  The  number  of  bales  of  cotton  received  at  all  the 
United  States  ports  on  December  31,  1902  was:  8946, 
22,222,  3072,  7784,  364,  443,  3831,  836,  1206,  27,  6460. 
Find  the  total. 

8.  For  the  week  ending  December  31,  1902,  the  num- 
ber of  bales  of  cotton  received  at  all  the  United  States 
ports  was:  44,172,  71,879,  8082,  40,019,  3495,  5017, 
15,143,  1787,  2955,  596,  6460,  3050.     Find  the  total. 

9.  The  great  lakes  of  the  world  are : 


ArBA  /IN 

Sq.  Milk8 

Area  in 
8<j.  Milks 

Caspian 

Superior 

Victoria  Nyanza    .    . 

Aral 

Huron 

169,000 
31,200 
30,000 
26,900 
17,400 

Michigan      .... 
Tanganyika      .    .     . 

Baikal 

Erie 

Chad 

20,000 
12,650 
12,500 
10,000 
10,000 

Find  the  total  area. 
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10.   The  ten  largest  cities  of  the  world  are : 

Population 

London  (Census  1898)      .     .     .  4,504,7«6 

New  York  (Census  1900)      .     .  3,437,202 

Paris  (Census  1896)     ....  2,636,834 

Canton 2,500,000 

ChicagQ  (Census  1900)     .     .     .  1,698,575 

Berlin  (Census  1895)   ....  1,677,304 

Vienna  (Census  1890)  ....  1,364,548 

Tokio  (Census  1896)    ....  1,299,941 

Philadelphia  (Census  1900)  .     .  1,293,697 

St.  Petersburg  (Census  1897)    .  1,267,023 

Find  the  total  population. 
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What  nomber  must  be  added  to  5,  8,  6,  9,  7,  3,  respec- 
tively, to  make  21?  24?  32?  43?  64?  17?  37?  16?  36? 
15?  46? 


Find  the  remainder : 

17-8 

23-6 

11-3 

26-8 

16-9 

33-6 

21-3 

25-9 

24-8 

43-6 

31-5 

34-8 

34-8 

43-9 

41-5 

32-7 

44-8 

53-9 

51-7 

45-9 

16-7 

27-8 

22-9 

16-4 

25-7 

17-8 

32-9 

76-9 

36-7  37-8  42-9  87-8 

7893  -  2452  =  ?     To  work  this  exercise,  write  the  sub- 
trahend under  the  minuend,  placing  units  under  units, 
tens  under  tens,  hundreds  under  hundreds,  and  thousands 
«j.Q^    under  thousands.     We   then   draw  a  horizontal 
2452    ^®'  ^^^'  utilizing  our  knowledge  of  addition,  we 
gTTT    find  the  number  which,  when  added  to  2  makes 
3.     We  say  2  and  1,  3.     Write  the  1.     Treating 
the  next  column  in  the  same  way,  we  have  5  and  4,  9. 
Write  the  4.     Continuing,  4  and  4,  8 ;  2  and  5,  7.     The 
remainder  is  5441. 

EXERCISE  10  (Written) 
Find  the  remainder: 

1.  3582-1232.       6.     9004-4002.  ii.  29003-   4001. 

2.  7328-6114.        7.     8384-3282.  12.  93800-22400. 

3.  9439-7214.       a.     4435-2123.  13.  70009-50000. 

4.  8358-3221.       9.     6279-3221.  14.  69000-34000. 

5.  9473-6241.     10.  15798-2164-  15.  34456-12845. 
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32.  Example  1.  In  order  to  appreciate  the  essential 
nature  of  subtraction,  consider  a  simple  exercise  in  addi- 
tion. Find  the  sum  of  2739  and  3874.  Writing  the 
numbers  so  that  units  stand  under  units,  tens  under  tens, 
etc.,  we  have  2739 

3874 
6613 

Next  adding,  4  and  9  are  13.  Write  3  and  carry  1. 
Adding  the  1  to  7  we  get  8,  8  and  3  are  11.  Write  1 
and  carry  1.  Adding  the  1  to  8  we  have  9,  9  and  7  are 
16.  Write  6  and  carry  1,  adding  the  1  to  3  we  get  4,  4 
and  2  are  6.  The  sum  is  6613.  (The  frequent  use  of  amZ, 
are  is  merely  for  explanatory  purposes.) 

Next  consider  the  inverse  problem:  Given  the  sum  6613 
and  one  addend  3874,  to  find  the  other  addend.  This 
problem  might  be  stated  thus:  (a)  What  number  added 
to  3874  gives  6613  ?  (6)  What  is  left  over  when  3874  is 
taken  away  from  6613  ?  (c)  By  how  much  does  6613 
exceed  3874  ?    (d)  How  much  less  is  3874  than  6613  ? 

To  solve  our  problem  we  write  the  subtrahend 
6613        3874  under  the  minuend  6613.     Units  should 
3874        be  under  units,  tens  under  tens,  etc.     Draw  a 
2739        horizontal  line.     Our  knowledge   of  addition 
tells  us  that  the  only  digit  added  to  4  which 
gives  a  3  in  the  sum  is  9.     We  therefore  say  4  and  9  are 
13.    Write  the  9  and  carry  1  as  we  have  done  in  the  addi- 
tion exercise.    Adding  the  1  to  the  7  we  see  the  only  digit 
added  to  8  which  gives  a  1  in  the  sum  is  3.     We  there- 
fore say  8  and  3  are  11.     Write  3  and  carry  1.    Similarly 
for  the  next  figure  of  the  answer,  9  and  7  are  16.     Write 
6  and  carry  1.     4  and  2  are  6.     Write  2.     A  little  consid- 
eration will  enable  one^to  see  that  this  method  of  perform- 
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ing    subtraction   involves   no   principle  beyond    that  of 
carrjdng  in  addition. 

Example  2.  Take  3427  from  4000,  arranging  the 
numbers  in  the  usual  way. 

4000  Here  7  and  3  are  10.  Write  3  and  carry  1.    3 

3427        and  7  are  10.     Write  7  and  carry  1.     6  and  5  are 
573        10.     Write  5  and  carry  1.     4  and  0  are  4. 

The  figure  in  the  remainder  is  written  at  the  same  time 
that  its  name  is  uttered.  Thus  in  the  above  exercise  7  and 
3  are  10,  the  3  is  written  as  ten  is  uttered.  1  is  carried  in 
examples  like  this  one  whenever  the.  sum  is  10  or  more 
than  10. 

Note.  This  is  the  Austrian  method  of  subtraction,  known  in 
some  English  books  as  the  computers'  method,  and  is  considered  the 
simplest  and  most  expeditious  of  all  methods. 

EXERCISE  II  (Written) 

15.  6,838-2549. 

16.  9,367-3449. 

17.  4,454-3957. 

18.  7,429-3938. 

19.  8,254-4255. 

20.  6,004-3205. 

21.  5,001-3202. 

22.  7,005  -  3006. 

23.  9,004-6014. 

24.  8,002-5004. 

25.  3,000  -  2123. 

26.  4,700-2711. 

27.  10,000-3456. 

28.  10,010-2734. 


1. 

87- 

19. 

2. 

54- 

35. 

3. 

62- 

27. 

4. 

95- 

58. 

5. 

101- 

77. 

6. 

123- 

84. 

7. 

235- 

117. 

8. 

309- 

.271. 

9. 

711- 

854. 

10. 

1010- 

643. 

11. 

2374- 

1237. 

12. 

4983- 

2495. 

13. 

8920- 

2946. 

14. 

7935- 

2947. 
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29.       11,000-       7,301. 

38. 

507,602- 

-  208,705. 

30.     12,000  -     9,011. 

39. 

808,305- 

-  798,406. 

31.     73,288-   24,299. 

40. 

500,207  - 

-201,209. 

32.     46,234-   32,237. 

4X. 

600,010  - 

-  399,803. 

33.     94,301-   92,204. 

42. 

800,007  - 

-  299,919. 

34.     60,100-   40,127. 

43. 

100,000- 

-     7,314. 

35.     84,000-   79,104. 

44. 

400,000- 

-     4,002. 

36.   100,000-   27,841. 

45. 

900,101- 

-     6,192. 

37.   203,406-104,409. 

46. 

705,208- 

-     5,703. 

Note.    By  utilizing  the  identity 

(a-b)  +  (b-c)  +  (c- 

d)  +  (d-e)=a- 

-e, 

a  teacher  can  frame  any  number  of 

examples  for  drill 

in  subtraction 

and  addition.    As  an  illustration,  the  following  is  given : 

83284                 64597 

43598 

25873 

64597                 43598 

25873 

24985 

18687  20999  17725  888 

Here  we  have  four  exercises  in  subtraction ;  if  the  work  is  correct, 
the  sum  of  the  four  remainders  equals  the  difference  between  the  first 
minuend  and  the  last  subtrahend.  Hence,  this  example  gives  four 
exercises  in  subtraction  and  one  in  addition.  Furthermore,  if  we  sum 
the  four  minuends,  and  also  sum  the  four  subtrahends,  and  then  take 
the  difference  of  the  two  sums,  we  again  get  a  number  equal  to  the 
difference  of  the  first  minuend  and  the  last  subtrahend.  This  fur- 
nishes two  exercises  in  addition  and  one  in  subtraction. 

EXERCISE  12  (Written) 

1.  A  man  owns  two  houses  worth  respectively  2890 
dollars  and  4575  dollars ;  he  has  deposited  in  bank  3280 
dollars ;  he  owes  two  notes,  one  for  783  dollars,  and  the 
other  for  870  dollars.     How  much  is  he  worth  ? 

2.  The  area  of  the  British  Isles  is  120,975  square  miles ; 
the  area  of  Texas  is  265,780  square  miles.  By  how  many 
square  miles  does  the  area  of  Texas  exceed  the  area  of  the 
British  Isles  ? 
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3.  In  the  year  1899  the  quantity  of  coal  mined  in  the 
United  States  was  252,115,387  tons;  in  the  same  year  the 
number  of  tons  mined  in  Great  Britain  and  in  Germany 
was  respectively  246,495,200  and  144,283,196  tons.  How 
many  more  tons  were  mined  in  the  United  States  than  in 
Great  Britain?    In  Great  Britain  than  in  Grermany? 

4.  The  population  of  the  Chinese  Empire  is  402,680,000 ; 
of  the  British  Empire,  383,900,000 ;  of  the  Russian  Empire, 
129,000,000 ;  of  the  United  States,  exclusive  of  colonial 
possessions,  76,000,000;  of  Germany,  52,279,000.  How 
many  more  people  are  in  the  United  States  than  in 
Germany  ?  In  the  British  Empire  than  in  Russia,  United 
States,  and  Germany  combined  ?  By  how  many  does  the 
population  of  China  exceed  the  population  of  Russia, 
United  States,  and  Germany  together? 

5.  The  production  of  cotton  for  the  year  1898  was  — 
United  States  .         .        .     11,235,383  bales 

India 2,275,200  bales 

China 1,320,000  bales 

Egypt 1,240,000  bales 

Korea 400,000,bales 

By  how  much  does  the  total  fall  short  of  17,000,000 
bales?  How  much  more  cotton  was  produced  in  the 
United 'States  than  in  the  other  four  countries  combined? 

6.  The  total  output  of  coffee  for  the  year  1899  is  given 
for  the  principal  coffee-producing  countries  as  follows : 

Brazil 703,890  tons 

Venezuela 52,800  tons 

Java 45,012  tons 

Guatemala 33,331  tons 

How  many  more  tons  were  produced  in  Brazil  than  in 
the  other  three  countries  combined  ? 
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7.   The  principal  sugar-producing  countries  and  the 
quantity  each  produces  are  given  as  follows: 


Cuba    . 
Java    . 
United  States 
Hawaii 
Philippine  Islands 


832,431  tons 
646,760  tons 
353,976  tons 
264,579  tons 
217,500  tons 


Find  the  difference  between  the  output  in  the  United 
States  and  that  in  each  of  the  other  countries. 

8.  The  area  of  Maine  is  33,040  square  miles ;  of  New 
Hampshire,  9305  square  miles ;  of  Vermont,  9565  square 
miles;  of  Massachusetts,  8315  square  miles;  of  Rhode 
Island,  1250  square  miles;  of  Connecticut,  4990  square 
miles ;  of  California,  158,360  square  miles.  By  how  many 
square  miles  does  the  area  of  California  exceed  the  area 
of  the  six  New  England  states  ? 

9.  What  number  taken  from  10,000  wiU  leave  for 
remainder  2478? 

10.  By  how  much  does  a  million  exceed  ten  thousand  ? 

11.  A  man  has  a  salary  of  1600  dollars  a  year.  He 
spends  for  board  324  dollars ;  for  room  rent,  144  dollars ; 
for  clothes,  75  dollars ;  and  for  incidentals,  84  dollars.  If 
he  saves  the  rest,  how  much  does  he  save  ? 

12.  In  order  to  build  a  church  50,000  dollars  are 
required.  Five  contributors  give  12,000  dollars,  2  others 
give  each  4450  dollars.  The  remainder  is  made  up  by 
general  subscription.     Find  it. 

13.  A  man  buys  the  following  articles:  bookcase,  55 
dollars ;  chairs,  27  dollars  ;  wardrobe,  38  dollars  ;  station- 
ery, 3  dollars.  He  pays  with  twenty-dollar  bills.  How 
many  does  he  need  ?     What  change  should  he  receive  ? 
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14.  A  man  pays  a  debt  with  10  thousand-dollar  bills,  3 
twenty-dollar  bills,  2  ten-dollar  bills,  and  4  dollars.  What 
is  the  amount  of  the  debt  ? 

15.  In  going  from  Galveston  to  Chicago  by  rail,  a  dis- 
tance of  1410  miles,  a  man  travels  the  first  day  345  miles ; 
the  next  day,  201  miles ;  the  third  day,  290  miles.  How 
far  is  he  from  Chicago  at  the  end  of  the  third  day  ? 


CHAPTER  IV 

MULTIPLICATION 

33.  Example.  Consider  the  following  problem  in  addi- 
tion :  26  +  26  +  26  +  26  +  26  4-  26.  Write  the  numbers 
in  the  usual  way. 

26  Here  we  have  six  6's  to  add.  Write  6  and 
26  carry  3 ;  next  we  have  six  2's  and  the  3  which 
26  was  carried,  making  in  all  15.  This  work  may 
26  be  shortened.  In  examples  of  this  character  we 
26  usually  proceed  as  follows :  26 
26  6 

166  156 

Write  first  the  number  to  be  repeatedly  added,  and 
underneath  it  write  the  number  which  indicates  how  many 
times  it  is  to  be  taken  as  an  addend.  Then  say  6  times  6 
are  36.  Write  the  6  and  carry  3 ;  next  saj^  6  times  2  are 
12,  and  12  and  3  are  15.  Write  the  15.  '  We  call  this 
short  method  of  adding  multiplication.  The  result  is 
called  the  product. 

34.  Multiplication  of  integers  is  a  short  method  of  per- 
forming addition  "when  the  addends  are  all  equal  to  one 
another. 

35.  The  number  to  be  repeatedly  added  is  called  the 
multiplicand. 

36.  The  number  indicating  how  often  the  multiplicand 
is  to  be  taken  as  an  addend  is  called  the  multiplier. 

37.  The  result  of  taking  the  multiplicand  a  number  of 
times  is  called  the  product. 
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38.  The  mnltipUoaiid  and  multiplier  are  called  factors 
of  the  product. 

39.  Since  the  multiplier  denotes  the  number  of  times 
an  addend  is  taken,  it  must  always  be  an  abstract  num- 
ber. To  take  a  number  5  feet  times  is  nonsense.  How 
many  inches  are  in  5  feet?  In  one  foot  there  are  12 
inches.  In  5  feet  there  are  5  times  as  many  inches  as 
there  are  in  one  foot.  Hence,  we  have  12  inches  multi- 
plied by  the  abstract  number,  5. 

The  multiplicand  may  be  either  concrete  or  abstract. 
Since  in  the  addition  of  concrete  numbers,  we  can  add 
only  concrete  numbers  of  the  same  kind,  and  since  the 
result  of  such  addition  is  a  concrete  number  of  the  same 
kind  as  the  addends,  hence,  whenever  the  multiplicand  is 
an  abstract  number,  the  product  is  an  abstract  number. 

To  sum  up :  The  product  is  concrete  or  abstract,  according 
as  the  multipUcand  is  concrete  or  abstract.  The  multiplier 
can  never  be  a  concrete  number. 

40.  Consider  the  following  arrangement  of  dots : 


Counting  the  dots  in  the  horizontal  rows,  we  find  there 
are  7  dots  in  each  row,  and  we  find,  furthermore,  there  are 
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6  horizontal  rows.  Hence,  if  we  count  all  the  dots,  we 
have  7  +  7  +  7  +  7  +  7  +  7,  or  6  times  7.  Next  count  the 
dots  in  the  vertical  lines ;  we  find  6  dots  in  each  line,  and 
there  are  7  such  lines.  Hence,  the  total  number  of  dots 
is  7  times  6.     Therefore,  6  times  7  =  7  times  6. 

In  picturing  the  product  of  any  other  two  abstract  inte- 
gers we  shall  always  be  led  to  the  conclusion :  The  product 
of  two  abstract  integers  remains  the  same,  no  matter  which 
is  taken  as  multipUer  and  which  as  multiplicand. 

41.  The  sign  of  multiplication  is  x,  and  is  read  miUti- 
plied  by.  Thus,  12  x  7  means  12  multiplied  by  7.  This 
same  indicated  operation  is  sometimes  read  12  times  7. 
This  may  be  allowable,  since  12  x  7  =  7  x  12. 

4x5x6  means  4  multiplied  by  5  and  that  product 
multiplied  by  6. 

Note.  Before  undertaking  work  in  multiplication,  pupils  should 
be  thoroughly  drilled  in  the  Multiplication  Table. 


Multiplication  Table 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

7 

14 

21 

28 

35 

42 

49 

56 

63 

70 

77 

84 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

9 

18 

27 

36 

45 

5^ 

63 

72 

81 

90 

99 

108 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

11 

22 

33 

44 

55 

66 

77 

88 

99 

110 

121 

132 

12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

132 

144 
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81 


1. 

2. 
3. 
4. 


8=? 
6=? 
9=? 
8  =  ? 
7=? 
5=? 


6  times 

6  times 

7  times 
9  times 
9  times 

8  times 
8  times  12  =  ? 
8  times  9=? 
7  times  7=? 
7  times    8=? 

Multiply : 


EXERCISE  13  (Oral) 

7  times  5  =  ?  7 

7  times  3  =?  7 

6  times  9  =?  8 

6  times  6  =?  8 

6  times  9  =  ?  9 

6  times  8  =  ?  9 

5  times  7  =  ?  9 
4  times  9  =?  8 

6  times  9  =  ?  8 
6  times  8  =  ?  7 


times  9  +  6  =  ? 

times  7  +  4  =  ? 

times  9  +  5=? 

times  6  +  6  =  ? 

times  7  +  6=? 

times  9  +  8=? 

times  8  +  7  =  ? 
times  11 +  6=? 

times  4  +  7  =  ? 

times  8  +  6  =  ? 


EXERCISE  14  (Written) 


273  by  2,  3,  6,  7,  8. 
378  by  4,  5,  6,  9,  7. 
493  by  3,  6,  9,  7,  8. 
449  by  5,  8,  11,  9,  7. 
9, 

10. 

11. 

12. 

13. 


5.  2,012  by  3,  6,  8,  9,  7. 

6.  4,298  by  4,  6,  9,  7,  10. 

7.  5,039  by  3,  4,  6,  8,  7,  9. 

8.  34,783  by  8,  4,  9,  7,  6,  5,  11. 
29,398  by  2,  4,  6,  8, 10, 12,  7. 

39.286  by  9,  11,  12,  8,  7,  6,  6. 

44.287  by  8, 10,  7, 11,  12,  9,  7. 
89,954  by  4,  6,  8,  10,  12. 
31,416  by  6,  3,  4,  2,  8,  6,  9,  12. 

42.  We  have  seen  that  the  product  of  two  factors  is  the 
same,  either  factor  being  taken  as  multiplier  and  the  other 
as  multiplicand. 

Suppose  that  in  the  illustration,  §40,  each  dot  represents 
a  group  of,  say,  11  things.  Each  horizontal  row  would 
then  represent  7  x  11  or  11  x  7.  Hence  the  total  is  7  x 
11  X  6  or  11  X  7  X  6.  Also  since  each  vertical  line  has  6 
dots  and  each  one  represents  a  group  of  11  things,  each 
vertical  line  has  6  x  11  or  11  x  6  things.  Hence  the  total 
is  6  X  11  X  7  or  11  X  6  X  7. 
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Summing  up,  we  have  the  same  total  represented  by 
any  one  of  the  four  combinations : 

7  X  11  X  6 
11  X    7x6 

6  X  11  X  7 
11  X    6x7 

Illustrations  of  this  character  will  help  one  to  see  the 
truth  of  the  general  law  :  The  order  in  which  factors  are 
multiplied  in  immaterial ;  the  product  always  remains  the 
same. 

This  is  known  as  The  Commutative  Law  for  MiUtiplication, 
and  is  of  great  importance  in  subsequent  work. 

When  the  multiplier  is  a  number  consisting  of  two 
figures,  and  is  itself  the  product  of  factors  less  than  12, 
the  multiplication  can  be  conveniently  performed  by  mul- 
tiplying in  succession  by  the  factors  of  the  multiplier. 
Thus  we  can  multiply  a  number  by  54  by  multiplying 
first  by  9  and  the  resulting  product  by  6.  The  reason 
for  the  correctness  of  this  process  is  that  64  equals  9 
groups  of  6  each.  The  multiplication  by  9  gives  the 
number  of  groups,  and  that  by  6  gives  the  number  of 
single  things. 

EXERCISE  15  (Written) 
Multiply  by  using  factors : 


1. 

672  by  42. 

8. 

3,136  by  64. 

IS. 

7,776  by  96. 

2. 

1,728  by  48. 

9. 

4,032  by  28. 

16. 

5,376  by  84. 

3. 

3,136  by  49. 

10. 

1,225  by  25. 

17. 

5,324  by  44. 

4. 

2,025  by  81. 

11. 

4,536  by  56. 

18. 

1,498  by  49. 

5. 

5,103  by  63. 

12. 

3,087  by  63. 

19. 

96,428  by  66. 

6. 

15,626  by  25. 

13. 

4,928  by  77. 

20. 

81,126  by  56. 

7. 

5,832  by  72. 

14. 

10,164  by  84. 

21. 

64,325  by  35. 

MULTIPLIOATION  38 

EXERCISE  16  (Written) 

1.  A  barrel  of  sugar  costs  6  dollars.  How  much 
will  4  barrels  cost?  How  much  will  8  barrels  cost? 
75  barrels  ?    93  barrels  ?  ' 

2.  A  chest  of  tea  costs  15  dollars.  How  much  will  6 
chests  of  the  same  kind  cost?  8  chests?  67  chests? 
98  chests? 

3.  A  bag  of  coffee  costs  18  dollars.  How  much  will  7 
bags  cost  ?     21  bags  ? 

4.  A  barrel  of  pork  costs  11  dollars.  How  much  will 
8  barrels  cost  ?    25  barrels  ? 

5.  How  many  feet  are  in  5  yards  ?  In  12  yards  ?  In 
28  yards  ? 

6.  How  many  inches  are  in  7  feet  ?  In  9  feet  ?  In  792 
feet? 

7.  An  office  desk  costs  25  dollars.  How  much  will  3 
such  desks  cost?  8  desks?  36  desks?  49  desks?  83 
desks  ? 

8.  A  book  sells  for  65  cents.  How  much  will  9  such 
books  cost  ?     32  books  ? 

9.  An  acre  of  land  rents  for  2  dollars.  Find  the  rent 
paid  for  6  acres.     For  94  acres. 

10.  A  barrel  of  beef  costs  13  dollars.  Find  the  cost  of 
4  barrels.     Of  24  barrels.     Of  42  barrels. 

11.  Eggs  sell  for  26  cents  a  dozen.  Find  the  cost  of  8 
dozen.     Of  18  dozen. 

12.  In  a  mile  there  are  320  rods.  How  many  rods  are 
in  9  miles  ?     How  many  are  in  27  miles  ? 

13.  Oranges  sell  for  18  cents  a  dozen.  What  is  the 
cost  of  9  dozen  ?     Of  21  dozen  ?     Of  54  dozen  ? 

14.  There  are  5280  feet  in  a  mile.  How  many  feet 
would  a  person  travel  in  going  from  Newark  to  New  York 
City,  a  distance  of  10  miles  ? 
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15.  Galveston  is  1790  miles  from  New  York  City.  A 
bicyclist  starts  from  Galveston  for  New  York,  traveling 
at  the  rate  of  49  miles  a  day.  How  far  will  he  be  from 
New  York  at  the  end  of  36  days  ? 

16.  Wheat  sells  at  84  cents  a  bushel.  Find  the  cost  of 
17  bushels  of  wheat. 

17.  Sugar  sells  at  6  cents  a  pound.  How  much  change 
should  a  person  receive  who  gives  a  dollar  for  12  pounds  ? 

43.  Multiply  3079  by  10.      Proceeding  as  in  §  33,  we 

have   10  nines   are   90.     Write   0  and   carry  9. 
3079     10  sevens  are  70;  70  and  9  are  79.     Write  9  and 

10     carry  7.     10  naughts  are  0;  0  and  7  are  7.     Write 

30790     7.     10  threes  are  30.     Write  30. 

Notice  the  multiplicand  and  product  are  ex- 
pressed by  the  same  digits.  Notice  further  that  in  multi- 
plying by  10  each  digit  is  moved  one  place  to  the  left. 
What  effect  has  moving  a  digit  one  place  to  the  left  upon 
the  value  of  the  digit  ? 

To  multiply  an  integer  by  10,  move  each  figure  of  the  mul- 
tiplicand one  place  to  the  left  and  write  naught  in  the  units' 
place. 

44.  Multiply  3079  by  100.     This  may  be  done  by  mul- 

tiplying by  10  twice  in  succession. 
in         Notice  each  figure  in  the  multiplicand  is  moved 
^^^^^     two  places  to  the  left,  and  that  the  units'  and 
-|  Q     tens'  places  are  occupied  by  naughts. 


307900  ^^  multiply  by  100,  move  each  figure  of  the  mul- 

tiplicand two  places  to  the  left  and  write  naughts 
in  the  tens'  and  units'  places. 

Similarly,  to  multiply  by  1000,  move  each  figure  in  the  mul- 
tiplicand three  places  to  the  left,  and  fill  in  the  units',  tens', 
and  hundreds'  plaoes  with  naughts. 
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45.   Multiply  2857  by  400.     This  may  be  done  by  mul- 
tiplying first  by  4  and  then  the  product  by  100. 
2847        This  work  may  be  shortened  in  the  following 

4  manner  : 

9888        2847        4  sevens  are  28.     Write  8  directly 
100  400    under  4,  carry  2.  "4  fours  are  16;  16 


938800    938800    and  2  are  18.     Write  8,  carry  1.     4 
threes  are  12;  12  and  1  are  13.     Write 
3,  carry  1.     4  twos  are  8;  8  and  1  are  9. 

The  means  of  procedure  in  multiplying  by  any  number 
of  tens,  by  any  number  of  hundreds,  by  any  number  of 
thousands,  is  exactly  similar.  Hence  the  general  statement : 

To  multiply  by  any  number  of  tens,  by  any  number  of  hun- 
dreds, by  any  number  of  thouaanda,  etc. : 

First,  write  the  multiplier  under  the  multiplicand  so  that 
units  stand  in  the  same  column  with  units,  tens  in  the  same 
column  with  tetia,  hundreds  in  the  same  column  with  hun- 
dreds, etc. 

Second,  write  the  first  figure  of  the  product  directly  under 
the  figure  of  the  multiplier  which  produced  it,  and  then  proceed 
as  in  §  33. 

Third,  fill  in  the  vacant  places  with  ciphers,  one  cipher 
for  tens,  two  ciphers  for  hundreds,  three  ciphers  for  thou- 
sands, four  ciphers  for  ten-thousands. 

KoTE.  In  some  text-books  the  statement  is  made  that  annexing  a 
cipher  to  a  number  multiplies  it  by  ten,  annexing  two  ciphers  multi- 
plies it  by  one  hundred,  etc.    This  is  nonsense,  as  will  be  seen  later. 

46.  How  many  are  7  times  a  number  and  8  times  a 
number  ? 
'How  many  are  4  times  a  number  and  9  times  a  number  ? 
How  many  are  20  times  a  number  and  7  times  a  number  ? 
How  many  are  40  times  a  number  and  6  times  a  number  ? 
How  many  are  70  times  a  number  and  8  times  a  number  ? 
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How  many  are  100  times  a  number,  10  times  a  number, 
and  7  times  a  number  ? 

How  many  are  200  times  a  number,  50  times  a  number, 
and  7  times  a  number  ? 

Multiply  3254  by  846.     Here  we  break  up  the  multiplier 
into  three  parts,   indicated  by  the  values  of  its  digits, 
namely,  6,  40,  300.       A  knowledge  of  §  33  enables  us  to 
multiply  by  4;  a  knowledge  of  §  45  enables  us  to  mul- 
tiply by  40,  and  also  by  300. 
3254 
346 
19524=     6  times  multiplicand. 
13016  =   40  times  multiplicand. 
9762     =  300  times  multiplicand. 
1125884  =  346  times  multiplicand. 
Here  we  multiply  first  by  6 ;   then  by  4,  as  if  the  4  were 
units ;  lastly  by  3,  as  if  the  3  were  units.     We  take  care, 
however,  to  move  one  place  to  the  left  for  tens  and  two 
places  to  the  left  for  hundreds.     This  we  accomplish  by 
writing  the  first  figure  of  each  partial  product  directly 
under  the  figure  of   the   multiplier  which   produced  it. 
Hence  we  have  the  following  general  rule  for  multipli- 
cation : 

First,  -write  multiplicand  and  multiplier  so  that  units  of 
the  same  name  stand  in  the  same  column. 

Second,  multiply  the   multiplicand    by   each  digit  in  the 
multiplier,   placing   the   first   figure   of  each   partial    product 
directly  under  the  digit  of  the  multipUer  producing  it. 
Third,  add  the  partial  products. 

Note.  If  there  are  ciphers  in  the  multiplier,  no  notice  should  be 
taken  of  thera,  as  any  number  of  naughts  makes  naught. 

We  might  have  multiplied  first  by  300,  then  by  40,  and  finally  by 
6^  and  then  added  and  obtained  the  same  result. 
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EXERCISE  17  (Written) 
Find  the  product : 


1. 

38  X  34. 

20. 

46,267  X 

85. 

39. 

5,348  X  191. 

2. 

98  X  51. 

21. 

32,603  X 

94. 

40. 

6,836  X  198. 

3. 

99  X  25. 

22. 

66,206  X 

47. 

41. 

6,552  X  234. 

4. 

49  X  68. 

23. 

18,586  X 

78. 

42. 

8,802  X  168. 

5. 

172  X  29. 

24. 

54,144  X 

89. 

43. 

3,472  X  248. 

6. 

892  X  37. 

25. 

12,196  X 

69. 

44. 

7,056  X  252. 

7. 

644  X  46. 

26. 

12,400  X 

37. 

45. 

17,721  X  179. 

8. 

527  X  58. 

27. 

43,400  X 

74. 

46. 

11,529  X  183. 

9. 

963  X  98. 

28. 

14,038  X 

64. 

47. 

14,926  X  597. 

lO. 

8,775  X  71. 

29. 

40,663  X 

56. 

48. 

7,152  X  596. 

U. 

4,009  X  99. 

30. 

14,108  X 

69. 

49. 

7,018  X  638. 

12. 

5,040  X  72. 

31. 

12,600  X 

89. 

50. 

4,764  X  397. 

13. 

10,669  X  91. 

32. 

18,456  X 

19. 

51. 

11,956  X  427. 

14. 

9,783  X  86. 

33. 

73,864  X 

38. 

52. 

10,728  X  894. 

15. 

4,419x72. 

34. 

1,684  X 

182. 

S3. 

10,786  X  976. 

16. 

8,838  X  64. 

35. 

1,728  X 

144. 

54. 

11,904  X  496. 

17. 

36,238  X  28. 

36. 

2,368  X 

148. 

55. 

646x143x16. 

18. 

26,514  X  36. 

37. 

2,058  X 

343. 

56. 

17  X  68  X  84. 

19. 

38,308  X  36. 

38. 

5,096  X 

182. 

57. 

8,950  X  170. 

47.  A  square  whose  side  is  1  foot  is  called  a  square 
foot.  A  surface  just  as  large  would  be  said  to  contain  an 
area  of  1  square  foot.  What  is  a  square  yard  ?  A  square 
mile  ?    A  square  inch  ? 

Draw  a  square  three  inches  on  a  side  to  represent  a 
square  yard.  Divide  each  side  into  three  equal  parts. 
Draw  straight  lines  connecting  opposite  points  of  division. 
How  many  small  squares  are  thus  made  ? 
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What  is  the  size  of  each  small  square  ?  What  does  each 
small  square  represent  ? 

How  many  square  feet  are  in  1  square  yard  ? 

48.  A  figure  having  the  same  shape  as  a  page  of  this 
book,  or  the  same  shape  as  the  floor  of  the  ordinary  room 
in  a  dwelling  house,  is  called  a  rectangle. 

Draw  a  rectangle  4  inches  long  and  3  inches  wide.  If 
the  long  side  is  divided  into  4  equal  parts,  and  the  short 
side  into  3  equal  parts,  and  lines  are  drawn  connecting  the 
opposite  points  of  division,  how  many  squares  does  the 
figure  contain  ?     What  is  its  area  ? 

1.  Draw  a  figure  representing  a  rectangle  6  feet  long 
and  3  feet  wide.     How  many  square  feet  does  it  contain  ? 

2.  Draw  a  figure  representing  a  rectangle  4  yards  long 
and  2  yards  wide.  Find  how  many  square  yards  it  con- 
tains. 

3.  Draw  a  square.  If  one  of  its  sides  is  6  yards,  how- 
many  square  yards  does  it  contain  ? 

4.  A  room  is  6  yards  long  and  4  yards  wide.  How 
many  square  yards  does  the  floor  of  the  room  contain  ? 

5.  Draw  on  the  blackboard  a  square  1  foot  on  a  side. 
Mark  the  inches.  Draw  lines  so  as  to  show  the  square 
inches.     How  many  square  inches  are  in  the  figure  ? 

fe.  A  rectangle  is  7  yards  long  and  6  yards  wide. 
How  many  square  yards  are  in  its  area  ?  Make  a  drawing 
of  the  rectangle,  and  divide  it  so  as  to  show  the  square 
yards. 

7.  A  hall  is  12  yards  long  and  10  yards  wide.  How 
many  square  yards  of  surface  does  it  contain  ? 

8.  A  ranch  is  6  miles  long  and  4  miles  wide.  Find 
its  area  in  square  miles.  Make  a  drawing  showing  its 
division  into  square  miles. 
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EXERCISE  18   (Written) 

1.  A  city  block  is  100  yards  long  and  90  yards  wide. 
Find  its  area. 

2.  Find  the  area  of  a  square  whose  side  is  84  yards. 

3.  Find  the  area  of  a  square  having  320  rods  for  a  side. 

4.  Find  the  area  of  a  rectangle,  the  length  being  140 
yards  and  the  width  84  yards. 

5.  Find  the  area  of  a  rectangle  238  yards  long  and  96 
yards  wide. 

6.  A  farm,  rectangular  in  shape,  440  yards  long  and 
380  yards  wide,  contains  how  many  square  yards  ? 

7.  Find  the  area  of  a  rectangle  75  rods  long  and  63 
rods  wide. 

8.  Find  the  area  of  a  grass  plot  240  feet  by  84  feet. 

9.  A  sheet  of  paper  18  inches  long  and  14  inches  wide 
contains  how  many  square  inches  ? 

10.  A  township  is  6  miles  long  and  6  miles  wide.  How 
many  square  miles  does  it  contain  ? 

11.  A  county,  having  the  shape  of  a  rectangle,  is  24 
miles  long  and  18  miles  wide.  How  many  square  miles 
are  in  its  area  ? 

12.  A  street  is  1760  yards  long  and  23  yards  wide. 
How  many  squEire  yards  does  it  contain  ? 

13.  A  garden  is  60  yards  long  and  44  yards  wide.  How 
many  square  yards  are  in  its  area  ? 

14.  A  city  lot  is  43  feet  wide  and  124  feet  deep.  How 
many  square  feet  are  in  its  area  ? 

15.  A  window  is  60  inches  by  48  inches.  How  many 
square  inches  are  in  its  area  ? 

16.  A  yard  is  36  inches.  How  many  square  inches  are 
in  a  square  yard  ? 
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17.  A  mile  is  1760  yards.     How  many  square  yards  are 
in  1  square  mile  ? 

18.  The  playground  of  a  school  is  78  yards  long  and  54 
yards  wide.     Find  its  area  in  square  yards. 

EXERCISE  19  (Written) 

1.  A  degree  on  the  earth's  surface  is  69  miles  long. 
How  many  miles  are  in  17  degrees  ? 

2.  Springfield,  111.,  is  10  degrees  north  of  New  Orleans. 
How  many  miles  are  between  these  cities  ? 

3.  Minneapolis,  Minn.,  is  15  degrees  north  of  Galves- 
ton.    How  far  are  these  cities  apart  ? 

4.  There  are  7  days  in  a  week.  How  many  days  are 
in  39  weeks  ? 

5.  There  are  1440  minutes  in  a  day.  How  many  min- 
utes are  in  the  month  of  January  ? 

6.  3240  freight  cars  are  moved  in  a  city  in  one  day. 
At  this  rate  how  many  are  moved  in  the  month  of  March? 

7.  A  single  line  of  barbed  wire  one  mile  long  weighs 
about  315  pounds.  How  much  will  a  single  line  345  miles 
long  weigh  ? 

8.  A  railroad  285  miles  long  has  a  barbed  wire  fence 
on  each  side  of  it,  each  fence  having  four  lines  of  wire. 
Find  the  weight  of  wire  in  the  fences,  supposing  a  single 
line  of  wire  1  mile  long  to  weigh  318  pounds. 

9.  An  architect  receives  6  dollars  a  day.  At  this  rate 
how  much  will  he  receive  in  294  days  ? 

10.  A  contractor  pays  in  wages  78  dollars  a  day.    How 
much  will  he  pay  in  78  days  ? 

11.  How  many  hours  are  in  1  day  ?     In  89  days  ? 

12.  How  many  minutes  are  in  1  hour?     In  24  hours? 
How  many  minutes  are  in  31  days  ? 
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13.  There  are  320  rods  in  a  mile.  How  many  rods  are 
there  from  New  York  to  Chicago,  distance  920  miles  ? 

14.  How  many  rods  are  there  from  Honolulu  to  San 
Francisco,  a  distance  of  2892  miles?  How  many  from 
Paris  to  New  York,  a  distance  of  3624  miles  ? 

15.  From  New  Orleans  to  Rome  is  6440  miles.  Express 
the  distance  in  rods. 

16.  In  a  section  of  land  there  are  640  acres.  How  many 
acres  are  in  a  ranch  containing  98  sections  of  land  ?  How 
many  sheep  can  graze  on  this  ranch,  at  4  sheep  to  an  acre  ? 

17.  Manila  is  6940  miles  from  San  Francisco.  Express 
the  distance  in  rods.  (1  mile  =  320  rods.) 

18.  In  a  long  ton  there  are  2240  pounds.  How  many 
pounds  are  in  147  long  tons  ? 

19.  A  man  buys  78  horses  at  75  dollars  each  and  sells 
them  at  90  dollars  each.    How  many  dollars  does  he  gain? 

20.  A  train  travels  at  the  rate  of  34  miles  an  hour. 
How  far  will  it  run  in  50  hours  if  3  hours  are  allowed 
for  stops  ? 

21.  A  train  travels  at  an  average  rate  of  28  miles  an 
hour.     How  far  will  it  travel  in  48  hours  at  this  rate  ? 

22.  There  are  14  lots  in  a  city  block.  If  each  is  worth 
2375  dollars,  what  is  the  value  of  the  block  ? 

23.  Hammers  are  bought  at  6  dollars  a  dozen.  How 
much  profit  will  a  dealer  make  by  selling  89  dozen  at  8 
dollars  a  dozen  ? 

24.  There  are  5280  feet  in  a  mile.  How  many  feet  are 
there  in  140  miles  ? 

25.  There  are  68,860  inches  in  a  mile.  How  many  inches 
are  there  from  Philadelphia  to  New  York,  a  distance  of  90 
miles  ? 
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26.  A  cubic  foot  of  rock  weighs  148  pounds.  How 
many  pounds  do  3297  cubic  feet  weigh  ? 

27.  The  area  of  New  Hampshire  is  9305  square  miles. 
How  many  acres  are  in  New  Hampshire?  (1  square 
mile  =  640  acres.) 

28.  The  area  of  Ohio  is  41,060  square  miles.  How 
many  acres  are  there  in  Ohio  ?  There  are  in  Ohio  about 
101  persons  to  the  square  mile.  At  this  rate  what  is  the 
population  of  Ohio? 

29.  The  area  of  New  York  is  49,170  square  miles.  How 
many  acres  are  there  in  New  York  ? 

30.  An  acre  of  land  yields  18  bushels  of  wheat.  At 
this  rate  what  would  be  the  yield  of  640  acres  ? 

31.  A  dealer  sells  47  horses  at  185  dollars  each,  17 
horses  at  136  dollars  each,  and  28  horses  at  96  dollars 
each.     How  much  in  all  does  he  realize  ? 

32.  From  the  following  table  find  the  population  of  each 
of  the  states  and  countries  mentioned  : 


Area  in  Bquabx 

NUMBEH  OF  PeBSONB 

MiLU 

TO  THK  SqUAHS   MiLB 

49,170 

148 

8,315 

337 

56,650 

85 

48,720 

29 

161,198 

289 

208,830 

250 

204,092 

186 

58,320 

500 

New  York  . 
Massachusetts 

niinois     .  . 

Louisiana  . 

Japan .    .  . 
Grermany 

France     .  . 

England  .  . 


33.  A  carpenter  receives  3  dollars  a  day.  At  this  rate 
how  much  wages  will  he  receive  in  5  years  if  he  works 
299  days  each  year  ? 
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34.  The  rent  of  a  dwelling  is  27  dollars  a  month. 
Suppose  a  tenant  occupies  it  for  3  years,  how  much  rent 
will  he  pay  ? 

35.  In  a  ship's  cargo  are  1278  bushels  of  wheat.  Express 
this  quantity  in  pounds.  (1  bushel  of  wheat  weighs  60 
pounds.) 

36.  A  speculator  buys  3786  sheep  at  6  dollars  a  head. 
He  sells  them  at  8  dollars  a  head.  Find  the  profit  if  he 
spends  in  feed  296  dollars  and  for  hire  180  dollars. 

37.  A  clerk  receives  126  dollars  a  month.  If  he  spends 
60  dollars  a  month,  how  much  will  he  save  annually  ? 

38.  A  gallon  of  water  contains  231  cubic  inches.  How 
many  cubic  inches  are  in  184  gallons  ? 

39.  Havre  is  about  3310  miles  from  New  York  City. 
A  ship  sails  from  New  York  for  Havre  on  Monday  morn- 
ing at  9  o'clock,  at  the  rate  of  19  miles  an  hour.  How  far 
from  Havre  will  it  be  at  9  o'clock  the  following  Monday 
morning  ? 

40.  A  man  has  27  twenty-dollar  bills,  16  ten-dollar  bills, 
and  7  five-dollar  bills.     How  many  dollars  has  he  ? 

41.  A  book  has  350  pages,  each  page  has  33  lines,  and 
each  line  9  words.     How  many  words  are  in  the  book  ? 

42.  How  many  hours  are  there  in  62  weeks  ? 

43.  An  acre  contains  160  square  rods.  How  many 
square  rods  are  there  in  640  acres? 

•  44.  In  a  mile  there  are  1760  yards.  How  many  yards 
are  there  in  the  distance  from  San  Francisco  to  Yokohama, 
6140  miles? 


CHAPTER  V 

DIVISION 

How  many  are  6  times  4  inches  ?  Here  4  inches  is  the 
multiplicand,  and  6  is  the  multiplier. 

This  problem  leads  at  once  to  two  other  problems  : 

(a)  How  many  times  is  4  inches  contained  in  24 
inches  ? 

(J)  What  number  of  inches  multiplied  by  6  gives,  as 
product,  24  inches  ?  In  other  words,  what  is  the  sixth 
part  of  24  inches  ?  In  (a)  we  arq  given  the  product  and 
the  multiplicand,  and  the  multiplier  is  sought.  In  (6)  we 
are  given  the  product  and  the  multiplier,  and  the  mul- 
tiplicand is  sought.  In  either  case  we  are  given  the 
product  of  two  factors,  and  also  one  of  those  factors,  and 
the  other  factor  is  sought. 

The  process  by  which  this  factor  is  obtained  is  called 
divlBion. 

To  sum  up,  in  multiplication  two  numbers  are  given 
and  the  product  is  sought.  In  division  the  product  of 
two  factors  together  with  one  of  the  factors  is  given,  and 
the  other  factor  is  sought.  Obviously,  division  is  the 
inverse  of  multiplication. 

49.  Division  is  the  proeeas  of  finding  either  factor  when 
the  product  and  the  other  factor  are  given. 

50.  In  a  division  problem,  the  product  is  called  the 
dividend.  The  factor  given  is  called  the  divisor.  The 
result  (the  other  factor)  is  called  the  quotient. 
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51.  Three  symbols  are  used  for  division,  -^,  :,  and 
the  horizontal  stroke,  the  dividend  being  written  above 
the  stroke  and  the  divisor  below  it.  Thus  18  •+-  6, 
18 :  6,  J^,  all  indicate  that  18  is  dividend  and  6 
divisor. 

52.  Example  1.  How  many  times  is  4  dollars  contained 
in  28  dollars?  In  this  case  the  divisor  and^  dividend  are 
both  concrete  numbers,  while  the  quotient  is  an  abstract 
number. 

Note.  The  two  phases  of  diyision  must  be  clearly  conbeived. 
The  first  phase,  in  which  we  aim  to  find  how  many  times  one  number 
or  quantity  is  contained  in  another  number  or  quantity,  is  often 
called  measuring;.  The  other  phase  in  which  we  find  a  part  of  a  num- 
ber or  quantity,  is  called  parting  or  diTidlni;. 

Example  2.  Divide  the  sum  of  28  dollars  among  7  boys, 
giving  to  each  of  them  the  same  number  of  dollars.  In 
this  instance  the  divisor  is  an  abstract  number  because  it 
indicates  the  number  of  times  a  sum  of  money  is  to  be 
taken  in  order  to  make  the  28  dollars.  By  consider- 
ing examples  like  the  above,  we  are  led  to  the  following 
conclusions : 

If  the  divisor  is  a  concrete  number,  the  dividend  must 
be  a  concrete  number  of  the  same  denomination,  and  the 
quotient  is  then  an  abstract  number. 

If  the  dividend  is  a  concrete  number,  and  the  divisor  an 
abstract  number,  the  quotient  is  a  concrete  number  of  the 
same  denomination  as  the  dividend. 

Since  the  divisor  and  quotient  are  factors  of  the  divi- 
dend, and  since  one  concrete  number  can  never  be  multi- 
plied by  another  concrete  number,  therefore  the  divisor 
and  quotient  oan  never  be  both,  at  the  same  time,  oonorete 
nnmbers. 


46  ABITHMBTIO 

To  bring  out  the  distinction  between  measuring  and 
parting,  and  to  impress  firmly  the  idea  of  division,  drill 
on  the  following  examples  : 

EXERCISE  20  (Oral) 

1.  How  many  S's  in  12?  21?  24?  36?  18?  27? 

2.  How  many  4'8  in  16?  24?  36?  40?  44?  48?  32? 

3.  How  many  6's  in  15?  26?  35?  40?  60?  60?  65? 

4.  How  many  6's  in  12?  30?  48?  60?  72?  42?  24? 

5.  How  many  7'8  in  21  ?  36?  49?  66?  70?  84?  42? 

6.  How  many  8's  in  16?  32?  48?  64?  80?  72?  40? 

7.  How  many  9'8  in 27?  64?  81?  72?  90?  108?  99? 

8.  Howmanyirsin44?  56?  66?  88?  110?  132? 
121? 

9.  How  many  12's  in  24  ?  36?  72?  84?  108?  120? 
144? 

10.  What  is  the  third  part  of  18?  24?  36?  21?  15?  12? 

,11.  What  is  the  fourth  part  of  24  ?  36  ?  44  ?  16  ?  20  ? 

12.  What  is  the  fifth  part  of  30  ?  46  ?  60  ?  40  ?  36  ? 

13.  What  is  the  sixth  part  of  18  ?  30  ?  42  ?  64?  60?  72? 

14.  What  is  the  seventh  part  of  14  ?  28  ?  36  ?  49  ?  66  ? 
63? 

15.  What  is  the  eighth  part  of  24  ?  40  ?  66  ?  64  ?  80  ? 
96? 

16.  What  is  the  ninth  part  of  27  ?  46  ?  72  ?  81  ?  108  ? 
36? 

17.  What  is  the  tenth  part  of  90?  80  ?  70  ?  120  ?  110  ? 

18.  What  is  the  eleventh  part  of  44  ?  66  ?  77  ?  110  ? 
121 ?  132  ? 

19.  What  is  the  twelfth  part  of  48  ?  60  ?  84  ?  96  ?  108  ? 
132? 
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20.  Divide  48  dollars  equally  among  4  boys.  Among 
8  boys.     Among  12  boys.    Among  6  boys. 

21.  If  apples  cost  12  cents  a  dozen,  how  many  dozen 
can  be  bought  for  60  cents  ? 

22.  Oranges  cost  3  cents  apiece.  How  many  can  be 
bought  for  15  cents  ?  For  30  cents  ?  For  36  cents  ? 

23.  If  sheep  are  bought  at  6  dollars  apiece,  how  many 
can  be  bought  for  18  dollars  ?  For  24  doUars  ?  For  33 
doUars  ?     For  21  dollars  ?     For  39  doUars  ? 

24.  If  railroad  picks  cost  9  dollars  a  dozen,  how  many 
dozen  can  be  purchased  for  48  dollars  ?  72  dollars  ?  84 
doUars  ?  120  dollars  ?  96  dollars  ? 

25.  Ice-cream  freezers  cost  4  dollars  apiece.  At  this 
rate  how  many  can  be  bought  for  28  dollars  ?  16  dollars  ? 
48  doUars  ?  24  doUars  ?  32  doUars  ? 

26.  Wrought  wrenches  seU  for  9  dollars  a  dozen.  How 
many  dozen  can  be  purchased  with  27  dollars  ?  81  dol- 
lars ?  36  dollars  ?  46  doUars  ?  63  dollars  ? 

27.  How  many  times  is  4  yards  contained  in  28  yards  ? 
36  yards  ?  48  yards  ? 

28.  Wood  sells  for  6  dollars  a  cord.  How  many  cords 
can  be  bought  for  48  dollars?  For  72  dollars?  For  64 
doUars  ? 

29.  Sugar  is  worth  9  cents  a  pound.  How  many 
pounds  can  be  bought  for  81  cents?     For  108  cents? 

30.  Divide  24  cents  equally  between  2  boys. 

31.  If  hogs  sell  for  12  dollars  apiece,  how  many  can  be 
bought  for  96  doUars  ?     For  120  doUars  ? 

32.  How  many  times  is  11  square  yards  contained  in 
121  square  yards  ? 
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53,  Hxample  l.  If  lard  is  worth  12  cents  a  pound,  how 
many  pounds  can  I  buy  for  50  cents  ?  Here  the  divisor  is 
not  contained  an  exact  number  of  times  in  the  dividend. 
I  can  buy  4  pounds.  For  these  I  pay  48  cents,  and  get 
back  2  cents  in  change. 

Example  2.  What  is  the  sixth  part  of  61?  Here  the 
divisor  is  not  contained  an  exact  number  of  times  in  the 
dividend.  6  is  contained  in  51  eight  times,  with  3  left 
over. 

Whenever  the  divisor  is  not  contained  an  exact  num- 
ber of  times  in  the  dividend,  what  is  left  over  is  called 
the  remainder. 

The  remainder  being  the  undivided  portion  of  the  divi- 
dend must  be  a  number  of  the  same  denomination  as  the 
dividend. 

54.  Division  is  called  short  division  when  the  divisor  is 
12  or  less  than  12. 

EXERCISE  21  (Oral) 
Find  quotients  and  remainders : 

1.  11^3.      11.  49  ^-   9.     21.     91-«-10.  31.  30  H-   4. 

2.  13-*- 4.     12.   60-*.  11.     22.     93-*- 12.  32.  39+    7. 

3.  20 -J- 3.     13.  65  +  12.     23.     99+   7.  33.  44+    7. 

4.  27  +  4.     14.   60+   9.     24.  101  +  11.  34.  32+    8. 

5.  31  +  5.     15.   70+   8.     25.   109  +  12.  35.  29+   9. 

6.  35  +  6.     16.  79  +  10.     26.   111  +  11.  36.  124  +  11. 

7.  39  +  7.     17.   81+   8.     27.   114+   4.  37.  118  +  10. 

8.  40  +  6.     18.   87+   6.     28.  119+   9.  38.  117  +  12. 

9.  41  +  6.     19.  88+    7.     29.  121  +  11.  39.  116+   9. 
10.  45  +  8.     20.   89+   9.     30.     25+   6.  40,  109  +  10. 
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4X.  173-^6.     44.  141^7.     47.   234-i-lO.      50.  165-*-  8. 

42.  135-^4.     45.   217-^6.     48.   231-*-ll.      51.   182-!-  3. 

43.  200-5-9.     46.   103-t-4.     49.   150-*-12.      52.   140-1-12. 

SHORT  DIVISION 

56.    Example  1.     Divide  3346  by  7. 

Suppose  the  dividend  conaists  of  3  thousand-dollar  bills, 
3  hundred-dollar  bills,  4  ten-dollar  bills,  and  6  one-dollar 
bills,  and  we  are  asked  to  divide  the  3346  dollars  equally 
among  7  persons.  First,  divide  the  bills  of  largest  denomi- 
nation. There  are  not  enough  thousand-dollar  bills  to 
give  each  person  one ;  we  therefore  change  the  3  thousand- 
dollar  bills  to  hundred-dollar  bills,  and  get  30  hundred- 
dollar  biHs.  Thirty-  and  the  8  we  already  have  make  33. 
Seven  into  88  goes  4  times,  and  leaves  5  over.  These  5 
hundred-dollar  bills  we  change  to  ten-dollar  bills ;  doing 
so,  we  get  50  ten-dollar  bills  which,  with  the  4  we  have, 
make  54  ten-dollar  bills.  Seven  into  54  goes  7  times  and 
leaves  5  over.  Changing  the  5  ten-dollar  bills  left  over, 
and  adding  the  6  one-dollar  bills,  we  get  56  dollars.  Seven 
into  56,  8  times.  Each  person,  therefore,  gets  4  hundred- 
dollar  bills,  7  ten-dollar  bills,  and  8  dollars,  478  dollars  in 
all.     Hence,  8346  -j-  7  =  478. 

-^  0q4.fi  Looking  over  our  work,  we  see  at  once  that 
.„^  the  actual  work  can  be  shortened.  Notice 
the  quotient  is  obtained  by  dividing  7  into  33, 
54,  and  56.  Hence,  we  may  proceed  as  follows:  First, 
write  the  divisor  to  the  left  of  the  dividend  and  draw  a 
horizontal  line.  Next,  say  7  into  33  goes  4  times  and  5 
over.  Write  4.  Annex  the  remainder,  5,  to  the  next 
figure  of  the  dividend;  this  gives  us  54.  Seven  into  54 
goes  7  times  and  5  over.     Write  the  7  and  annex  the 
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remainder  to  the  next  figure  of  the  dividend ;  this  gives 
us  66.  Seven  into  56  goes  8  times.  In  writing  the  quo- 
tient, it  is  well  to  write  each  quotient  figure  directly  under 
the  right-hand  figure  of  the  number  producing  it.  Thus, 
in  our  example,  we  write  4,  7,  8  directly  under  the  units' 
figures  of  the  33,  55,  56,  the  numbers  producing  them. 

Example  2.     Divide  220,234  by  5. 

5)220234  ^^^®  ^®  ^^  ^  ^^*^   ^*'  ^ 

^   A  .p.. a  •   J      A      times  and  4  over.     Write  the 

44046,  remainder  4.     ^  ,  .    i       ^ 

.  4,  annex  the  remainder,  2,  to 

the  next  figure,  0.     Five  into  20  goes  4  times.     Write  4. 

As  there  is  no  remainder,  there  is  no  figure  to  annex.    Five 

into  2  goes  0  times.'     Write  0  and  annex  the  remainder,  2, 

to  the  next  figure,  5.     Five  into  23  .goes  4  times  and  3 

over.     Next,  5  into  34  goes  6  times  and  4  over. 

66.  In  Example  2,  above,  the  divisor  is  not  contained 
an  exact  number  of  times  in  the  dividend.  The  quotient 
is  written  44,046,  remainder  4.  The  divisor  would  be 
contained  an  exact  number  of  times,  if  the  dividend  was 
220,230.  In  cases  where  the  division  is  not  exact,  divi- 
dend =  quotient  x  divisor  -h  remainder.  There  is  another 
way  of  expressing  the  quotient  in  Example  2.  It  is 
44,046^,  which  signifies  that  the  divisor  is  contained  in 
the  dividend  44,046  times,  and  that  4  remains  to  be 
divided  by  6.  The  quotient  is  44,046|.  In  this  way 
of  interpreting  results,  the  dividend  =  divisor  x  quotient 
in  all  cases. 

57.  The  best  way  to  prove  an  exercise  in  division  is  to 
multiply  the  quotient  by  the  divisor,  and  to  this  product 
add  the  remainder.  The  result  should  be  equal  to  the 
dividend ;  if  not,  there  is  an  error. 
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EXERCISE  22  (Written) 

Divide  and  prove  the  correctness  of  your  answers : 

14,156-!- 8.  33.  276,987 -»-   7. 

98,984-5-3.  34.  467,854-!-   4. 

92,735-!- 4.  35.  903,904-!-    6. 

29,238 -t- 7.  36.  782,653-!-   6. 

94,001 -i- 8.  37.  867,608-!-    3. 

29,936  -!-  9.  38. .  792,846  -!- 10. 

73,246-!- 9.  39.  673,584 -!- 10. 

99,879-*- 2.  40.  532,573  +  11. 

799,680-1-3.  41.  493,694 -!- 11. 

799,680-!- 7.  42.  947,836 -!- 12. 

38,576-!- 6.  43.  897,631 -!- 12. 

24,568-!- 4.  44.  657,394  +  12. 

64,739-!- 5.  45.  393,948 -!- 12. 

99,948-!- 6.  46.  923,641 -!- 12. 

10,0,000 -!- 7.  47.  100,000 -H  12. 

100,023-!- 8.  48.  346,678 -^  12. 

58.  In  case  the  divisor  is  a  number  of  two  figures  which 
can  be  broken  up  into  two  factors,  each  less  than  12,  the 
division  can  be  performed  by  dividing  by  the  factors  of 
the  divisor  in  succession. 

Example  1.     Divide  78,263  by  24. 

The  first  remainder  consists  of  units, 
the  second  remainder  consists  of  two 
,13  groups  of  6  each.  Hence,  the  correct 
remainder  is  1  -|-  2  sixes  =  13.  The  re- 
mainder will  always  be  obtained  by  adding  the  first 
remainder  to  the  product  of  the  second  remainder  and 
the  first  divisor. 


1. 

478  ^  2. 

17. 

2. 

475  -5-  3. 

18. 

3. 

464  -s-  4. 

19. 

4. 

995  ^  5. 

20. 

5. 

696  -f-  6. 

21. 

6. 

3,458  -!-  7. 

22. 

7. 

4,988  -s-  8. 

23. 

8. 

3,905  -h  7. 

24. 

9. 

7,854  -^  6. 

25. 

10. 

9,270  +  8. 

26. 

U. 

54,239  -i-  6. 

27. 

12. 

62,849  -J-  7. 

28. 

13. 

74,753  -J-  9. 

29. 

14. 

52,308  +  4. 

30. 

15. 

98,157  +  6. 

31. 

16. 

29,293  -h  5. 

32. 

78263 


13042, 1 


3260,  2 
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EXERCISE  23  (Writton) 
Divide  and  prove  your  answers  correct : 

1.  77,354  -s- 16.        9.    99,392  -^  36.      17.  828,374  -^  56. 

2.  79,358  -^  18.       10.    59,738  ^  35.      18.  528,739  ^  64. 

3.  97,854  -f-  20.      n.    49,399  ^  40.      19.  629,394  ^  72. 

4.  92,738^21.      12.    99,988^42.      20.273,579-^81. 

5.  100,000  -h  24.   13.  68,698  -*■  48.   21.  179,246  -!-  84. 

6.  73,948  ^  25.   14.  123,456  -s-  49.   22.  739,264  -f-  90. 

7.  69,593  ^  28.   15.  876,543  ^  50.   23.  543,293  -^  56. 

8.  85,376  -h  32.   16.  789,295  ^  54.   24.  665,670  -j-  81. 

EXERCISE  24  (Written) 

1.  When  sugar  sells  for  6  cents  per  pound,  how  many 
pounds  can  be  bought  for  84  cents  ? 

2.  If  a  boy  walks  at  the  rate  of  3  miles  per  hour,  how 
long  will  it  take  him  to  walk  87  miles  ? 

3.  In  a  peck  there  are  8  quarts.  How  many  pecks  are 
there  in  8000  quarts  ? 

4.  If  a  bicyclist  rides  9  miles  an  hour,  how  many  hours 
will  it  take  him  to  go  from  St.  Louis  to  Indianapolis,  a 
distance  of  265  miles?  After  riding  19  hours,  how  far 
from  Indianapolis  will  he  be? 

5.  When  coal  costs  9  dollars  a  ton,  how  many  tons  can 
be  bought  for  3456  dollars  ? 

6.  A  teacher  receives  a  salary  at  the  rate  of  4  dollars  a 
day  for  every  day  he  teaches.  His  yearly  salary  is  716 
dollars.     How  many  days  are  in  the  school  year  ? 

7.  A  brick  mason  receives  4  dollars  a  day  for  every  day 
he  works.  How  many  days  must  he  work  to  earn  900 
dollars  ? 
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8.  How  many  feet  are  there  in  25,000  inches  ? 

9.  How  many  weeks  are  there  in  364  days  ? 

10.  If  a  dozen  penknives  cost  9  dollars,  how  many  dozen 
penknives  can  be  bought  for  126  dollars  ? 

u.  Plows  cost  12  dollars  a  piece.  How  many  can  be 
bought  for  192  dollars  ? 

12.  A  box  of  oranges  is  worth  3  dollars.  How  many 
such  boxes  can  be  bought  for  111  dollars  ? 

13.  When  a  barrel  of  pork  sells  for  12  dollars,  how 
many  barrels  must  be  sold  to  realize  5004  dollars  ? 

14.  A  section  foreman  rides  on  a  velocipede  at  the  rate 
of  11  miles  an  hour.  How  long  will  it  take  him  to  go 
from  Cincinnati  to  Cleveland,  a  distance  of  264  miles  ? 

15.  Divide  1000  dollars  among  8  persons,  giving  to  each 
the  same  sum  of  money. 

16.  A  flock  of  sheep  sells  for  966  dollars.  How  many 
sheep  are  in  the  flock,  if  each  sheep  sells  for  6  dollars? 

17.  A  man  has  795  dollars  in  5-dollar  gold  pieces.  How 
many  coins  has  he  ? 

18.  Hogs  sell  for  8  dollars  apiece.  At  this  price  how 
many  can  be  purchased  for  360  dollars  ? 

19.  A  box  of  soap  is  listed  at  4  dollars.  How  many 
such  boxes  can  be  purchased  for  980  dollars  ? 

20.  How  many  barrels  of  flour  can  be  bought  for  1002 
dollars,  when  flour  sells  for  6  dollars  a  barrel  ? 

21.  Oyster  crackers  cost  6  cents  a  pound.  How  many 
pounds  can  be  bought  for  95  cents  ? 

22.  By  buying  horses  at  75  dollars  each  and  selling 
them  at  84  dollars  each,  a  jobber  makes  a  profit  of  324 
dollars.     How  many  does  he  sell  ? 
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23.  A  farmer  rents  land  at  3  dollars  an  acre  per  annum. 
His  yearly  rent  is  787  dollars.  How  many  acres  does  he 
rent? 

24.  A  mile  equals  63,360  inches.  How  many  feet  are 
in  a  mile  ?     In  7  miles  ? 

25.  A  farmer  exchanges  125  acres  of  land  worth  50 
dollars  an  acre  for  5  city  lots.     Find  the  price  of  each  lot. 

26.  When  wood  sells  for  6  dollars  a  cord,  how  many 
cords  must  be  sold  to  purchase  18  barrels  of  sugar  at  16 
dollars  a  barrel  ? 

LONG  DIVISION 

59.  Example  1.  Divide  72,634  by  83.  Here  the  divisor 
is  too  large  for  the  work  to  be  performed  mentally  as 
it  is  in  short  division.  We  do  not  know  the  multipli- 
cation table  up  to  83,  and  if  we  did,  there  would  still 
be  trouble  in  performing  the  subtractions.  In  this  in- 
stance we  proceed  as  follows: 

QTjr         83  is  not  contained  in  7,  nor  in  72.     Our 

j^oN  70^04.     fi^'s*  partial  dividend  is  726.     By  trial,  we  find 

fifid         ^^  ^^^®  ^^^^  ''^^^'  ^  times.     We  multiply  the 

—nqiK      divisor  by  8  and  write  the  result,  664,  under 

g  .        726.     Subtract  664  from  726,  take  down  the 

-joT     next  figure  of  the  dividend.     The  first  figure 

.^  .     of  the  quotient,  8,  is  written  directly  over  the 

— Q     right-hand  figure  of  the  first  partial  dividend. 

83  into  623  goes  7  times.     Write  the  7  directly 

over  3.     Multiply  the  divisor  by  7.     Write  the  result 

under  623  and  subtract  it  from  623.     Take  down  the 

next  figure  of  the  dividend.     83  into  424  goes  5  times. 

Write  the  5  above  4  of  the  dividend.     Multiply  the  divjL- 

sor  by  5  and  subtract  the  result  from  424.     The  quotient 

is  875  and  the  remainder  is  9. 
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In  this  example  the  three  partial  dividends  are  726 
hundreds,  623  tens,  and  424  units.  83  goes  into  726 
hundreds  8  hundreds  times.  By  writing  the  8,  as  above 
indicated,  we  see  at  once  its  value.  Similarly  for  the 
other  digits  of  the  quotient,  their  positions  indicate  at 
once  their  values. 

Example  2.     Divide  400,123  by  39. 

109^Q         ^^  ^^®®  ^^^  *^'  ^  time.     Write   1  and 
^Q^4.001^^     multiply  39  by  1.     Subtract  the  result  from 
OQ  40.     Take  down  the  next  figure,  0.     39  does 

-j^         not  go  into  10.    Write  0  in  the  quotient  and 
take  down  the  next  figure,  1.     39  into  101 
-^Q^       go^s  2  times.    Write  2  in  the  quotient.     Mul- 
1  Qc       *^ply  ^^  '^y  2  and  subtract  the  product  from 
-^=^     101.     Take  down  the  next  figure,  2.     Since 
^-^      39  is  near  40,  we  get  the  next  figure  most 
-^     readily  by  trying  mentally  40  into  232.     It 
goes  5  times.     Multiply  5  by  39.     Subtract 
the  result  from  232.     Write  6  in  the  quotient  and  take 
down  the  next  figure.     39  into  373  goes  9  times.     Write 
9  in  the  quotient.     Multiply  39  by  9  and  subtract.     The 
quotient  is  10,259,  and  the  remainder  is  22.     The  re- 
mainder must,  in  every  case,  be  less  than  the  divisor. 
If  the  remainder  happens,  in  any  instance,  to  equal  or 
exceed  the  divisor,  then  the  quotient  figure,  which  gave 
rise  to  it,  is  less  than  it  should  be. 

EXERCISE  25  (Written) 
Divide  and  prove  in  each  case  : 

1.  262-!- 14.  4.  396-^18. 

2.  288-^16.  5.  441 -s- 21. 

3.  367-*- 17.  6.  675-*- 23. 
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7.  2,448  +  24.  34.  127,868+  58. 

8.  2,925  +  25.  as.  862,002+   78. 

9.  4,096  +  82.  36.  3,064,692+  47. 

10.  3,468  +  84.  37.  971,560  +  107. 

11.  5,476  +  37.  38.  268,025  +  855. 

12.  4,832  +  38.  39.  969,969  +  323. 

13.  5,547  +  43.  40.  188,924  +  908. 

14.  8,464  +  46.  41.  804,075  +  151. 

15.  9,608  +  49.  42.  1,688,726  +  234. 

16.  8,440  +  53.  43.  3,621,600  +  534. 

17.  19,494  +  57.  44.  746,496  +  482. 

18.  22,460  +  67.  45.  629,984  +  364. 

19.  33,880  +  69.  46.  976,150  +  247. 

20.  42,650  +  73.  47.  874,240  +  187. 

21.  88,350  +  74.  48.  554,724  +  342. 

22.  40,441  +  76.  49.  277,425  +  226. 

23.  62,057  +  83.  50.  499,896  +  524. 

24.  44,400  +  86.  51.  184,d41  +  117. 
.  25.  60,600  +  87.  52.  987,392  +  896. 

26.  79,541  +  94.  53.  298,112  +  236. 

27.  45,140  +  95.  54.  787,868  +  686. 

28.  84,700  +  97.  55.  691,440  +  516. 

29.  34,242  +  78.  56.  747,278+669. 

30.  110,768  +  86.  57.  836,960  +  480. 

31.  254,786  +  29.  58.  964,877  +  817. 

32.  243,863  +  69.  59.  970,045  +  865. 

33.  190,213  +  67.  60.  997,640  +  980. 
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EXERCISE  26  (Written) 

1.  How  many  bags  of  Rio  coffee  can  be  bought  for 
882  dollars,  if  one  bag  costs  21  dollars  ? 

2.  Currants  sell  for  14  dollars  a  barrel ;  at  this  price 
how  many  barrels  can  be  bought  for  646  dollars  ? 

3.  Granulated  sugar  is  worth  16  dollars  a  barrel. 
How  many  barrels  must  be  sold  to  realize  1264  dollars  ? 

4.  There  are  36  inches  in  one  yard.  How  many  yards 
are  in  100,000  inches  ? 

5.  There  are  32  quarts  in  one  bushel.  How  many 
bushels  are  in  7712  quarts  ? 

6.  How  many  days  are  in  3000  hours  ? 

7.  A  degree  on  a  meridian  of  the  earth's  surface  is  69 
miles  long.  Two  places  on  the  same  meridian  are  2484 
miles  apart.     How  many  degrees  apart  are  they  ? 

a   How  many  square  yards  are  in  3276  square  feet  ? 
9.   A  gallon  contains  281  cubic  inches.     How  many 
gallons  are  in  a  barrel  containing  8816  cubic  inches  ? 

10.  Oolong  tea  costs  15  dollars  a  chest.  How  many 
chests  can  be  purchased  for  495  dollars  ? 

11.  A  barrel  of  sugar  weighs  325  pounds.  How  many 
barrels  are  in  106,626  pounds  ? 

12.  How  long  will  it  take  a  train,  rate  30  miles  an  hour, 
to  go  from  New  York  to  San  Francisco,  a  distance  of  3270 
miles,  if  6  hours  are  allowed  for  stops  ? 

13.  There  are  10  square  chains  in  an  acre.  How  many 
acres  are  in  10,000  square  chains  ? 

14.  Rhode  Island  contains  in  round  numbers  800,000 
acres.  Find  its  area  in  square  miles.  (640  acres  =  1  square 
mile.) 
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15.  The  area  of  Ireland  is  20,000,000  acres.  Express 
its  area  in  square  miles. 

16.  The  island  of  Guam  has  an  area  of  150  square 
miles.  The  area  of  Porto  Rico  is  3520  square  miles. 
How  many  times  larger  is  Porto  Rico  than  Guam? 

17.  The  area  of  Texas  is  265,780  square  miles.  How- 
many  times  larger  is  Texas  than  Porto  Rico  ? 

18.  Sound  travels  at  the  rate  of  1100  feet  per  second. 
How  many  seconds  does  it  take  sound  to  travel  6  miles  ? 

19.  Oregon  has  an  area  of  96,030  square  miles.  How 
many  times  larger  is  Oregon  than  Delaware  whose  area  is 
2050  square  miles  ? 

20.  The  area  of  Massachusetts  is  8315  square  miles,  and 
the  area  of  Alaska  is  590,880  square  miles.  How  many 
times  larger  is  Alaska  than  Massachusetts  ? 

,  21.  The  area  of  California  is  158,360  square  miles,  and 
the  area  of  Hawaii  6449  square  miles.  How  many  times 
larger  is  California  than  Hawaii  ? 

22.  The  area  of  Connecticut  is  4990  square  miles;  its 
population  is  908,420.  How  many  persons  are  there  to 
the  square  mile  in  Connecticut? 

23.  From  Paris  to  Moscow  is  1843  miles.  How  long 
would  it  take  a  person  to  travel  between  those  cities, 
traveling  at  the  rate  of  29  miles  an  hour  ? 

24.  From  Paris  to  Constantinople  is  1900  miles.  A 
train  leaving  Paris  reaches  Constantinople  in  64  hours. 
Find  its  average  speed. 

25.  The  distance  from  Berlin  to  Rome,  1048  miles,  is 
made  in  39  hours.     Find  the  rate  per  hour. 
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26.  The  distance  from  Baltimore  to  Queenstowu  is  8118 
knots.  How  long  will  it  take  a  steamer  to  go  from  one 
port  to  the  other,  supposing  its  rate  is  18  knots  per  hour  ? 

27.  The  British  Admiralty  knot  is  6080  feet.  How 
many  knots  are  there  in  69  miles?     (1  mile  =  6280  feet.) 

28.  193  francs  are  equivalent  to  10  dollars.  How 
many  10-dollar  gold  pieces  are  equivalent  to  14,476  francs  ? 

EXERCISE  27  (Reviow) 
1.    The  acreage,  production,  and  value  of  barley  in  five 
New  England  states  in  1898  were  : 


ACBXS 

BUBHSLS 

Valui 

Maine 

New  Hampshire .    . 
Vermont    .... 
Massachusetts    .     . 
Rhode  Island.    .     . 

12,109 
4,915 

17,739 

1,712 

318 

326,943 

115,502 

532,170 

41,994 

8,904 

183,088  dollars 
66,991  dollars 

250,120  dollars 

27,683  dollars 

5,431  doUars 

(a)  Find  the  total  number  of  acres. 
(6)  Find  the  total  number  of  bushels. 
((?)   Find  the  total  value. 

((J)  Find  the  average  number  of  bushels  produced  by 
an  acre  of  land  in  each  of  the  five  states. 

(e)  What  was  the  crop  worth  in  each  state  per  acre  ? 

2.  In  1898  the  number  of  tons  of  coal  mined  in  Belgium 
was  21,492,446;  this  was  240,076  tons  more  than  in  1896. 
How  many  tons  were  mined  in  Belgium  in  1896  ? 

3.  The  area  of  the  Bermuda  Islands  is  20  square  miles, 
and  the  population  is  15,960;  the  whites  number  6117. 
Find  the  number  belonging  to  other  races.  Find  the 
number  of  persons  to  a  square  mile. 
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4.    During  the  three  calendar  years  immediately  preced- 
ing 1898,  the  coffee  export  from  Brazil  was  as  follows : 


1805 

IMN) 

11197 

From  Santos  .     ,    . 

3,554,696  bags 

4,156,567  bags 

5,621,762  bags 

From  Rio  de  Janeiro 

2,763,720  bags 

2,784,958  bags 

4,066,734  bags 

From  Victoria    .    . 

307,438  bags 

273,225  bags 

372,221  bags 

FromBahia  .    .    . 

264,775  bags 

260,981  bags 

292,480  bags 

From  Ceara   .    .    . 

20,202  bags 

6,000  bags 

6,568  bags 

Add  vertically  and  horizontally  and  verify  your  work 
by  summing  the  vertical  and  horizontal  totals. 

5.  In  Example  4  find  the  increase  in  the  total  export  for 
1896  over  that  of  1895;  also  for  the  year  1897  over  1896. 

6.  In  1898  Brazil  exported  11,360,173  bags  of  coffee. 
Fiiid  the  increase  in  production  for  the  year  1898  over 
each  of  the  three  previous  years. 

7.  If  coffee  is  worth  9  dollars  a  bag,  find  the  value  of 
the  export  for  each  of  the  4  years  above  given. 

8.  The  value  of  building  stones  produced  in  the  United 
States  in  1897  was  : 

Granite       ....         8,905,075  dollars 


Marble 
Slate  . 
Sandstone 
Limestone 
Bluestone 
Find  the  total  value. 

9.  In  1898  Delaware  had  821  acres  of  buckwheat  which 
yielded  5296  bushels  valued  at  2118  dollars.  Find  the 
number  of  bushels  each  acre  produced. 


8,870,584  dollars 

8,524,614  dollars 

4,065,445  dollars 

14,804,943  dollars 

900,000  doUars 
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10.    The  most  valuable  clay  products  of  the  United 
States  for  1897  were  : 


Common  bricks 
Pressed  bricks 
Paving  bricks 
Fire  bricks 
Drain  tile 
Sewer  pipe 
Fire  proofing 
Pottery     . 


26,353,904  dollars 
3,931,336  dollars 
8,582,087  dollars 
4,094,704  dollars 
2,628,805  dollars 
4,069,534  dollars 
1,979,269  dollars 
9,450,859  dollars 


Find  the  total  value. 

U.  Connecticut  had,  in  1898, 1450  factories  in  opera^ 
tion,  employing  136,200  persons.  Find  the  average  num- 
ber of  persons  employed  in  a  factory. 

12.  The  following  table  gives  the  acreage,  production, 
and  value  of  corn  for  the  year  1898  in  the  states  named : 


Statb 


Kansas  . 
Nebraska 
Iowa  .  . 
Illinois  . 
Missouri  . 
Texas  . 
Indiana  . 
Georgia  . 
Tennessee 
Kentucky 
Alabama 
Ohio   .     . 


AORBAGS 


8,302,628 
7,559,746 
7,285,710 
6,665,327 
5,951,211 
4,213,468 
3,587,627 
2,954,072 
2,941,067 
2,747,653 
2,645,442 
2,779,147 


PBODUOnOM 


132,842,048 

158,754,666 

254,999,860 

199,959,810 

154,731,486 

105,336,700 

129,154,572 

26,586,64g 

76,467,742 

85,177,243 

39,681,630. 

102,828,439 


Valub 


984,538,932 
34,926,027 
58,649,966 
49,989,952 
41,777,501 
35,814,478 
32,288,6^3 
12,761,591 
22,175,645 
22,997,856 
16,269,469 
27,763,679 


Find  the  total  number  of  acres,  number  of  bushels,  and 
their  value. 
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13.  How  many  more  bushels  did  Iowa  produce  than 
Illinois  ? 

14.  How  many  more  bushels  did  Texas  produce  than 
Ohio? 

15.  How  many  more  acres  in  corn  had  Kansas  than 
each  of  the  other  states  given  ? 

16.  The  total  value  of  the  exports  of  cotton  fabrics, 
made  in  the  United  States,  was,  in  1897,  21,037,680  dol- 
lars ;  in  1898,  it  was  17,024,093  dollars.*  How  much  less 
was  the  value  of  exports  in  1898  than  in  1897  ? 

17.  The  average  daily  attendance  for  all  the  public 
schools  of  Texas  was,  for  the  scholastic  year  1895-96, 
440,249,  and  the  number  of  teachers  for  the  same  year  was 
13,217.     Find  the^average  number  of  pupils  to  one  teacher. 

18.  There  were,  in  1897,  164  normal  schools  in  the 
United  States.  The  number  of  students  attending  these 
schools  was,  for  the  same  year,  43,199.  What  was  the 
average  number  of  students  in  a  normal  school  ? 

19.  The  value  of  the  gold  mined  in  1898,  in  the  princi- 
pal gold-producing  countries,  is  given  as  follows : 

United  States   . 
Canada     . 


Mexico 
Colombia  . 
Austria-Hungary 
Russia 
China 

British  India     . 
South  Africa     . 
Find  the  total  value. 


64,300,000  dollars 

14,190,000  dollars 
7,668,866  dollars 
3,900,000  dollars 
2,178,556  dollars 

25,136,994  dollars 
6,641,190  dollars 
7,753,150  dollars 

79,329,443  dollars 
The  world's  output  of  gold  for 


the  same  year  was  286,218,954  dollars, 
the  gold  mined  in  all  other  countries. 


Find  the  value  of 
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20.  The  estimated  area  of  Arizona  is  54,869,023  acres. 
Of  these  29,847,000  acres  are  grazing  land  and  15,000,000 
acres  are  barren.  The  remainder  is  woodland.  How 
many  acres  are  in  woodland? 

21.  The  total  population  of  the  worid  is  estimated  at 
1,429,682,189.  The  number  of  Christians  is  estimated  at 
477,080,158.     How  many  are  not  Christians  ? 

22.  The  value  of  silks  imported  into  the  United  States 
in  1897  was  25,199,067  dollars.  The  value  for  the  pre- 
ceding year  was  26,652,768  dollars.  How  much  less  was 
the  expenditure  for  silks  in  1897  than  in  1896  ? 

23.  In  the  Spanish- American  War  the  number  of  deaths 
in  the  American  army  from  all  causes,  between  May  1 
and  September  30,  1898,  were  :  killed,  28  officers  and 
257  enlisted  men ;  died  of  wounds,  4  officers  and  61  en- 
listed men ;  died  of  disease,  80  officers  and  2485  enlisted 
men.  The  total  number  of  men  enlisted  was  274,717. 
Find  the  total  number  of  deaths  and  the  number  of  men 
that  returned  unharmed. 

REVIEW  QUESTIONS 

1.  What  is  arithmetic  ? 

2.  What  is  the  first  fundamental  operation  in  arith- 
metic ? 

3.  Give  the  derivation  of  calculate,  digit,  arithmetic, 
number. 

4.  Define  number,  unit,  integer,  quantity,  numeration, 
notation. 

5.  Explain  the  terms  concrete,  abstract. 

6.  Name  the  digits. 

7.  Discriminate  between  digit  and  figure. 
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8.  Is  there  any  exception  to  the  statement  that  the 
value  of  a  figure  depends  on  the  position  it  occupies  ? 

9.  Upon  what  does  the  value  of  a  digit  depend? 

10.  How  do  we  read  numbers  ? 

11.  Define  addition,  addend,  sum. 

12.  Give  the  rule  for  addition  of  integers. 

13.  Define   subtraction,  difference,  remainder,  subtra- 
hend, minuend. 

14.  What  relation  exists  between  minuend,  subtrahend, 
and  remainder  ? 

15.  Explain  the  statement,  "  subtraction  is  the  inverse 
of  addition." 

16.  Define     multiplication,     multiplicand,     multiplier, 
product. 

17.  Define  factor.  / 

18.  When  is  a  product  concrete  ?     When  is  a  product 
abstract  ? 

19.  What  is  the  commutative  law  for  multiplication  ? 

20.  How  do  we  multiply  by  10  ?     By  100  ?     By  1000  ? 

21.  How  do  we  multiply  by  70  ?   700  ?   7000  ? 

22.  How  do  we    multiply  by  using    factors    of    the 
multiplier  ? 

23.  Give  the  rule  for  multiplication  when  the  multi- 
plier consists  of  two  or  more  figures. 

24.  Define  division,  dividend,  divisor,  quotient. 

25.  What  is  the  distinction  between  measuring  and 
parting  ? 

26.  "  Division  is  the  inverse  of  multiplication; "  explain. 

27.  In  a  division  exercise  when  is  the  quotient  abstract 
and  when  concrete  ? 
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28.  What  is  meant  by  short  division  ?   long  division  ? 

29.  Give  the  rule  for  long  division. 

30.  Explain  how  division  is  performed  by  using  factors 
of  the  divisor. 

31.  In  this  case  give  the  rule  for  obtaining  the  correct 
remainder. 

32.  How  do  you  prove  an  exercise  in  addition  ? 

33.  How  do  you  prove  an  exercise  in  subtraction? 
How  do  you  prove  an  exercise  in  multiplication  ?  How 
do  you  prove  an  exercise  in  division  ? 

34.  In  an  exercise  in  multiplication  which  of  the  three 
terms,  multiplicand,  multiplier,  and  product,  can  never 
be  a  concrete  number  ?     Why  ? 


CHAPTER  VI 

UNITED  STATES  MONEY 

60.  The  coins  used  as  money  in  the  United  States  and 
the  materials  from  which  they  are  made  are : 

Bronze :   1-cent  piece. 

Nickel :   5-cent  piece. 

Silver :   dim«,  quarter  dollar,  half  dollar,  dollar. 

Gold :   quarter  eagle,  half  eagle,  eagle,  double  eagle. 

61.  The  United  States  unit  of  money  is  the  gold  dollar. 
The  dollar  symbol  is  |.  It  is  always  written  before  the 
number  specifying  how  many  dollars. 

62.  10  mills  (m.)  =  1  cent  (ct.  f) 
10  cents  =  1  dime  (d.) 
10  dimes         =  1  dollar  (|) 
10  dollars        =  1  eagle  (E.) 
20  dollars        =  1  double  eagle 

There  are  no  mills  coined.  They  occur,  however,  in 
various  questions  of  calculation.  Thus,  we  have  such 
questions  as  the  following : 

.  What  is  the  amount  of  a  person's  tax  when  the  fate  is 
6  mills  on  the  dollar  and  the  value  of  his  property  is  4000 
dollars  ? 

63.  Notation  of  United  States  money. 

To  understand  this,  consider  the  notation  of  the  decimal 
number  system. 

66 


# 


UNITED  STATES  MONEY  67 

3333.  If  we  write  a  single  digit,  3,  this  represents  3 
units  of  some  kind.  If  we  write  a  second  3  to  the  left  of 
this  one,  this  second  3  represents  3  tens,  that  is  ten  times 
as  much  as  the  first  3.  If  we  write  a  third  3  to  the  left 
of  the  second  one,  this  3  represents  ten  times  as  much  as 
the  second  3.  A  fourth  3  written  to  the  left  of  the  third 
3  would  represent  ten  times  as  much  as  the  third  3,  and 
so  on.  A  digit  increases  tenfold  in  value  as  we  go  to  the 
left. 

Begin  now  to  the  left  of  3333  and  go  to  the  right. 
The  second  3,  i.e.  the  3  immediately  to  the  right  of  the 
one  on  the  extreme  left,  is  ten  times  less  in  value  than 
the  one  to  its  left.  The  next  3  is  ten  times  less  in  value 
than  the  one  to  its  left.  The  next  3  is  ten  times  less  in 
value  than  the  3  to  its  left.  Hence,  as  we  go  to  the 
right,  the  value  of  a  digit  becomes  10  times  less.  Write 
now  a  3  to  the  right  of  the  units'  place,  separating  it  from 
the  units'  place  by  a  period,  and  we  have 

3333.3 

To  preserve  the  unity  of  our  decimal  system  of  nota- 
tion we  agree  to  give  this  a  value,  so  that  it  will  be  ten 
times  less  than  the  same  digit  to  its  left.  Similarly  a  3 
to  the  right  of  this  3  represents  a  number  ten  times  less 
than  the  8  to  its  left.  Another  3  to  the  right  of  this 
second  3,  from  the  units'  place,  is  ten  times  less  than 
the  3  in  the  second  place  from  the  units,  and  so  on 
indefinitely. 

Take  now  the  number  3333.333. 

The  right-hand  figure  represents  3  units  of  some  kind ; 
the  next  digit  to  the  left  represents  a  number  ten  times 
as  great ;  the  next  one  is  ten  times  as  great  as  the  one  to 
its  right,  and  so  on. 
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This  is  the  law  on  which  our  number  system  is  con- 
structed. What  has  this  to  do  with  United  States 
money? 

The  units  of  the  United  States  money  are  made  out  on 
the  same  principle.     Notice : 

10  mills  =  1  cent 
10  cents  =  1  dime 
10  dimes  =  1  dollar 

A  dime  is  ten  times  less  in  value  than  a  dollar,  a  cent 
is  ten  times  less  in  value  than  a  dime,  and  a  mill  is  ten 
times  less  in  value  than  a  cent.  Hence  dimes  can  be 
adequately  represented  by  being  written  in  the  first  place 
to  the  right  of  units'  place,  cents  in  the  place  next  on  the 
right,  and  mills  in  the  next  place  to  the  right.     Thus 

$42,345 

will  represent  42  dollars,  3  dimes,  4  cents,  and  5  mills. 
To  repeat,  dimes  are  written  in  the  first  place  to  the  right 
of  units'  place,  cents  in  the  second  place  to  the  right  of 
units'  place,  and  mills  in  the  third  place  to  the  right  of 
units'  place. 

64.  The  dot  to  the  right  of  the  units'  place  is  called  the 
decimal  point. 

65.  In  reading  sums  of  money,  consisting  of  different 
denominations,  we  rarely  hear  any  denominations  spoken 
of  except  dollars  and  cents.  Instead  of  a  dime,  we  say 
10  cents ;  instead  of  2  dimes,  we  say  20  cents  ;  instead 
of  3  dimes,  we  say  30  cents,  and  so  on.  Instead  of  five 
eagles,  we  say  50  dollars. 

66.  Read  $40.25.     This  is  read  40  dollars  and  25  cents. 
Read  $20,034.     This  is  read  20  dollars,  3  cents,  and  4 

mills. 
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Read: 
$  19.96 
$  24.08 
$101.10 
$  89.90 


EXERCISE  28  (Oral) 

$  40.004 

$182,203 
$  18.18 
$  38.01 


$1280.84 
$3490.001 
$     90.09 
$  100.10 


Write: 

12  dollars  and  20  cents 

108  dollars  and  18  cents 

50  dollars  and  50  cents 

90  dollars  and  4  cents 


EXERCISE  29  (Written) 


300  dollars  and  10  cents 
400  dollars,  4  cents,  4  mills 
772  dollars,  3  cents,  7  mills 
120  dollars  and  5  cents 
290  dollars,  8  cents,  9  mills 
500  dollars,  12  cents,  2  mills 
1000  dollars,  90  cents,  9  mills 

67.  Redaction  is  the  process  of  changing  concrete  quan- 
tities from  units  of  one  denomination  to  units  of  another 
denomination. 

e  1.     Redi 

1  d 

10  d 

10  d 

$15=1500  cents; 
adding  the  65  cents,    $15.65  =  1565  cents. 
Example  2.   Reduce  $  80.60  to  cents. 

$1=    100  cents; 

$80  =  8000  cents; 

adding  60  cents,  $80.60  =  8060  cents. 


68.   Example  1. 

Reduce  $15.65  to  cents. 

Since 

1  dime   =      10  cents. 

10  dimes  =    100  cents. 

bat 

10  dimes  =    $1. 

Hence, 

$1=    100  cents; 
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To  reduce  dollars  and  cents  to  cents,  we  multiply  the  num- 
ber of  dollars  by  100  and  add  the  cents.  This  operation  is  at 
once  accomplished  by  moving  the  decimal  point  two  places 
to  the  right. 

69.  Example.     Reduce  f  27.345  to  mills. 

First  reduce  this  amount  to  cents,  and  we  have  by 
moving  the  decimal  point  two  places  to  the  right  2734.5  ^, 
i.e,  2734  cents  and  5  mills.  Now  1  cent  =  10  mills,  there- 
fore 2734  cents  =  27340  mills ;  adding  the  5  mills,  2734.5 
cents  =  27345  mills. 

Notice,  this  reduction  can  be  accomplished  by  moving  the 
decimal  point  three  places  to  the  right. 

70.  To  reduce  dollars  and  cents  to  mills,  move  the  decimal 
point  three  places  to  the  right. 

Example  1.   Reduce  130.20  to  mills. 

Here  we  have  30  dollars,  20  cents,  no  mills,  to  reduce 
to  mills,  or  $30,200  to  reduce  to  mills.  Moving  the  deci- 
mal point  three  places  to  the  right,  we  have  30200  mills. 

Example  2.     Reduce  9  cents,  5  mills,  to  mills. 

This  amount,  in  our  notation,  is  written  $0,095.    Moving 

the  decimal  point  three  places  to  the  right  we  have  95 

mills. 

EXERCISE  30  (Written) 

Reduce  to  cents : 

$  12.28  $4720.14 

.     $  15.05  $3280.15 

$  19.11  $7290.13 

$  84.29  $  284.15 

$128.03  $  390.90 

$  27.275  $  928.84 

$100,103  $     23.252 

$  75.39  $       1.294 
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lice  to  mills : 

$  .023 

|i  7.34 

$  .328 

$11.23 

$  .135 

$14.15 

$  .732 

$17.35 

fl.29 

$  8.80 

«8.84 

$10.10 

$9.29 

$  6.63 

71.  Example.   Reduce  to  dollars  and  cents  3280  ^. 
This  number  of  cents  can  be  read  32  hundred  and  80. 

As  there  are  100  ^  in  a  dollar,  there  will  be  as  many  dol- 
lars in  3280^  as  there  are  hundreds  in  3280.  Now  1  hun- 
dred is  contained  in  32  hundred  thirty-two  times,  and 
hence  it  is  contained  in  3280  thirty-two  times  with  a  re- 
mainder of  80. 

Hence,  3280^  =  $32.80. 

To  reduce  cents  to  dollars,  move  the  decimal  point  two 
places  to  the  left.  Never  fail  to  write  the  dollar  mark  to  the 
left  of  the  result. 

Note.  If  the  decimal  point  is  not  written,  it  is  always  under- 
stood to  be  immediately  to  the  right  of  the  number. 

72.  Example.  Reduce  $12,325  to  mills.  The  answer 
is  obtained  by  moving  the  decimal  point  three  places  to 
the  right.     The  result  is  12325  mills. 

Now  suppose  we  are  asked  to  reduce  12325  mills  to 
dollars.  The  answer  is  obtained  by  retracing  our  steps, 
i.e.  by  moving  the  decimal  point  three  places  to  the  left. 

To  reduce  mills  to  dollars,  move  the  decimal  point  three 
places  to  the  left. 
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EXERCISE  31  (Oral) 
Reduce  to  dollars  and  cents  : 

3760^  999^        52001?^        3450^        1210^ 

2384^        5376^        S2i5f        7890)2^        1650^ 
5003;^        4428^  i95^        1070^2^        5103^ 

4010^        5173^  384)^  325^        3821j^ 

nSS^  821)2^        1111)^  444^        6903^ 

73.  Since  our  system  of  currency  is  decimal,  and  since 
the  decimal  system  of  notation  is  constructed  upon  the  prin- 
ciple that  the  value  of  a  digit  is  ten  times  greater  than  the 
value  of  the  same  digit  in  the  place  to  its  immediate  right, 
we  can  therefore  add,  subtract,  multiply,  and  divide  dol- 
lars and  cents  in  the  same  manner  that  we  can  add, 
subtract,  multiply,  and  divide  integers. 

ADDITION 

74.  In  addition  of  United  States  money  the  only  caution 
to  be  exercised  is  to  see  that  units  of  the  same  denomina- 
tion stand  in  the  same  vertical  column  and  that  the  decimal 
points  in  the  sum  and  in  the  addends  stand  in  the  same 
vertical  line. 

EXERCISE  32  (Written) 
Add: 

1.  $19.84,  $27.33,  $84.04,  $98.92,  $100.10,  $130.75, 
$200.05. 

2.  $47.47,  $38.39,  $59.92,  $200.30,  $440.45,  $7.75, 
$83.92. 

3.  $34.35,  $38.10,  $50.90,  $62.63,  $10,  $87.50, 
$119.19. 

4.  $47.10,  $17.73,  $18.18,  $99.90,  $503.94,  $723.29, 
$32.35. 

5.  $75.75,  $92.93,  $16.17,  $92.94,  $85.20,  $24.25, 
$49.50. 
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6.  $90.90,  $60.30,  $58,  $79,  $.94,  $1.38,  $282.11. 

7.  $.77,  $29.80,  $95,  $100.10,  $.33,  $199,  $129.34. 

8.  $93,  $73.90, 

$77.75, 

$98.92,  $194.96, 

$382.18, 

$78.54. 

9.  $35,  $90.85, 

$28.88, 

$.75,  $200.20, 

$770.50, 

$329.54. 

10.  $17.95,  $.76, 

$32,506, 

$2,305,  $79,282, 

$89,998, 

$.125. 

11.  $234.99 

12. 

$111.78 

13.  $200.90  14. 

$728.33 

378.98 

392.95 

357.91 

386.79 

678.54 

128.98 

869.96 

88.45 

888.88 

992.29 

928.95 

92.84 

999.92 

777.33 

777.39 

999.28 

847.98 

668.59 

666.74 

888.88 

732.94 

773.85 

554.88 

778.79 

692.51 

392.98 

667.77 

527.78 

778.76 

839.91 

732.89 

785.64 

239.84 

347.33 

984.49 

928.78 

78.79  ' 

779.35 

792.98 

699.98 

15.  $392.92 

16. 

$299.77 

17.  $528.53  18. 

$288.28 

775.54 

987.68 

947.91 

792.75 

877.79 

678.93 

892.87 

898.76 

399.99 

929.94 

447.79 

924.57 

666.66 

666.84 

998.89 

84.83 

392.74 

775.95 

694.75 

899.98 

799.77 

939.54 

392.73 

400.10 

345.67 

392.98 

789.57 

799.89 

973.98 

938.79 

88.88 

888.88 

825.54 

209.09 

99.34 

99.99 

900.00 

777.77 

101.17 

628.61 

.89 

667.93 

84.86 

89.46 

209.83 

74  ARITHMETIC 

SUBTRACTION 

75.  Subtract  1 18.24  from  $  98. 

$93.00  Write  two  ciphers  to  indicate  there  are  no 

18.24       cents.     Then  say,  4  and  6,  10;  3  and  7,  10; 
$74.76       9  and  4,  13;  2  and  7,  9. 

EXERCISE  33  (Written) 

Find  the  difference : 

1.     184.20       2.  $100.00       3.  $300.00       4.  $238.10 
19.25  17.70  84.84  138.94 

5.  $345.00       6.     $78.79    7.  $10000.00     8.  $8000.00 
77.70  18.25  50.50  100.75 

9.  $373.25     10.  $792.53     ii.  $327.27     12.  $373.50 
129.96  94.95  90.90  129.94 

13.  $285.94    14.  $5000.00    15.  $6000.00   16.  $5003.00 
93.97  1000.98  771.19  1003.57 

17.  $200.10     18.  $729.01     19.  $929.17     20.  $1000.00 
100.25  328.05  529.69  99.92 

MULTIPLICATION 

76.  Multiply  $78.15  by  8. 

$78  15         Multiply  as  if  multiplicand  and  multiplier 

g      were  both  integers,  and  then  beginning  at  the 

$625  20      ^ig'^^  of  ^^^  product,  point  off  two  places  for 

cents.     If  there  are  mills  in  the  multiplicand, 

three  places  should  be  pointed  off. 
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EXERCISE  34  (Written) 
Find  the  product  : 

1.  $  79.94  X    8.  12.  $  79.29  x  7. 

2.  $  32.20  X    7.  13.  $  29.97  x  8. 

3.  $  79.49  X    6.  14.  $179.38  x  6. 

4.  $128.29  X    7.  15.  $373.39  x  5. 

5.  $399.39  X    9.  16.  $799.94  x  8. 

6.  $454.59  X  12.  17.  $822.50  x  9. 

7.  $729.38  X  11.  18.  $998.78  x  11. 

8.  $237.38  X    9.  19.  $778.75  x  12. 

9.  $720.99  x  7.  20.  $732.75  x  9. 
10.  $285.68  X  8.  21.  $928.34  x  7. 
n.  $  51.33  X    7.  22.  $653.82  x  5. 

23;   When  shoes  sell  for  $3.90  a  pair,  how  much  will  24 
pairs  of  shoes  cost  ? 

24.  If  overcoats  sell  for  $7.98,  find  thQ  price  of  20 
overcoats. 

25.  Mackintoshes  sell  for  $6.95  apiece.     How  much 
will  27  mackintoshes  cost? 

26.  When  wheat  is  84^  per  bushel,  how  much  will  384 
bushels  bring  ? 

27.  Find  the  price  of  349  bushels  of  corn   at   56^  a 
bushel. 

28.  Cheese  costs  13^  per  pound.     Find  the  price  of  64 
pounds. 

29.  Find  the  cost  of  325  pounds  of  sugar  at  6^  per 
pound. 

30.  An  acre  of  land  is  worth  $60.75.     Find  the  value 
of  100  acres. 


76 


ARITHMETIC 


31.  It  is  estimated  that  the  Galveston  sea  wall  will 
require  86,700  tons  of  rock.  The  cost  of  transporting 
this  rock  by  railway  is  90^  per  ton.  Find  the  total  cost 
of  transportation. 

DIVISION 

77.   Example  1.     Divide  $1.52  by  40. 

i  038  Here  the  first  partial  dividend  is  152.     40 

40'J$1  520      ^^®®   ^^*^   ^^^  three   times.     Write   the   3 

2  20        directly  over  the  right-hand  figure  of  the 

— g20      partial  dividend.     Multiply  40  by  3  and  sub- 

320      tract.     Annex  a  cipher.     40  into  320  goes 

eight  times.     Write  the  8  in  the  quotient. 

The  quotient  is  3  cents  8  mills.     Write  a  cipher  in  the 

quotient  to  show  there  are  no  dimes,  and  write  decimal 

point  in  the  quotient  over  decimal  point  in  the  dividend. 

The  answer  is  1.038. 


Example  2.     Divide  $441.84  by  21. 


$21.04 
21)$441.84 

J2 

21 
21 


The  mechanical  work  is  exactly  the  same 
as  if  both  dividend  and  divisor  were  in- 
tegers. 


84 
84 


Divide : 

1.  $  84.98 -f-    7. 

2.  $891.28-$-    8. 

3.  $969.75-^    9. 

4.  $400.07^11. 

5.  $944.96 -^    4. 


EXERCISE  35  (Written) 


6.  $598.32 -f-    6. 

7.  $949.90-^-10. 

8.  $432.96 -+-12. 

9.  $615.04^31. 
10.  $595.36 -4- 61/ 
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u.  $  462.84 -^-    38.  16.  $2221.44 -*- 156. 

12.  $  660.55-4-    55.  17.  $2771.79-^201. 

13.  $  841.85 -s-    71.  18.  12507.79-5-179. 

14.  $  995.35-5-    85.  19.  $9027.85-*-    95. 

15.  $2080.75-*- 145.  20.  $9414.82-*-    97. 

78.  Example  1.  If  shoes  are  sold  for  $3  a  pair,  how 
many  pairs  can  be  bought  for  $27  ?  Here  $3  x  some  num- 
ber =$27.  Hence,  we  are  given  in  this  problem  the 
product  of  two  factors  together  with  one  of  the  factors, 
and  we  are  required  to  find  the  other  factor.  'The  number 
of  pairs  of  shoes  will  be  the  number  of  3's  in  27. 

Example  2.  If  wheat  sells  at  84  f^  a  bushel,  how  many 
bushels  can  be  bought  for  $124.82  ?  In  this  problem  $  .84 
X  some  number  =  $124.82.  Again,  we  have  the  product 
of  two  factors  together  with  one  of  the  factors,  and  we 
require  the  other  factor.  How  shall  we  divide  $.84  into 
$124.82?  We  first  reduce  the  divisor  and  the  dividend 
to  units  of  the  same  denomination.  Reducing  both  to 
cents,  we  have  for  divisor  84^,  and  for  dividend  12,482^. 
Both  numbers  are  now  integers. 

Note.  The  formal  statement  of  relations  such  as  are  exemplified 
in  the  examples  above  is  of  vital  importance  in  subsequent  work. 

EXERCISE  36  (Written) 

1.  If  land  is  worth  $68  an  acre,  how  many  acres  can 
be  bought  for  $4624? 

2.  A  tract  of  land  is  sold  for  $4795.50  at  the  rate 
of  $69.50  an  acre.     How  many  acres  are  in  the  tract? 

3.  When  horses  sell  for  $85.40  apiece,  how  many  can 
be  bought  for  $36,465.80? 
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4.  If  the  price  of  wheat  is  76^  per  bushel,  how  many 
bushels  can  be  bought  for  $4043.20  ? 

5.  When  asparagus  cans  sell  for  35^  each,  how  many 
can  be  bought  for  $85.76  ? 

6.  If  a  pair  of  patent  leather  shoes  sells  for  $3.85,  how 
many  pairs  must  be  sold  to  bring  $1482.25  ? 

7.  A  clothier  invests  in  men's  trousers  $392.04.    How 
many  does  he  buy,  supposing  each  pair  to  cost  $1.98  ? 

8.  If  a  keg  of  pickles  cost  $1.70,  how  many  kegs  can 
be  purchased  for  $ 28.90  ? 

9.  Chipped  beef  is  bought  at  17^  a  pound.     At  this 
rate  how  many  pounds  can  be  bought  for  $361.25? 

10.  A  12-pound  sack  of  flour  retails  at  45^.  How 
many  sacks  can  be  bought  for  $322.75? 

11.  When  a  can  of  sardines  retails  for  27^,  how  many 
canswill  $218.70  buy? 

12.  A  farmer  gets  for  his  apples  $816.35  at  the  rate  of 
$1.45  per  barrel.     How  many  barrels  does  he  sell? 

13.  Corn  is  worth  45^  per  bushel.  How  many  bushels 
can  be  bought  for  $  7876. 35  ? 

14.  Oats  are  worth  36  ^  per  bushel.  How  many  bushels 
can  be  bought  for  $142.56  ? 

15.  A  share  of  railway  stock  is  quoted  at  $78.50. 
At  this  rate  how  many  shares  must  be  sold  to  realize 
$3061.50? 

16.  Gold  is  worth  $20.67  an  ounce.  In  the  Malay 
Peninsula  the  gold  mined  in  a  recent  year  was  valued  at 
$516,750.     Find  the  production  in  ounces. 

17.  The  gold  output  for  Germany  for  the  same  year 
was  valued  at  $1,879,357.  How  many  ounces  of  gold  did 
Germany  produce  ? 
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18.  In  a  certain  hospital,  the  cost  of  medicine  for  one 
day  was  $1240.25.  The  cost  per  patient  was  41^.  Find 
the  number  of  persons  in  the  hospital. 

19.  How  many  bags  of  coffee  at  $8.75  a  bag  can  be 
bought  for  $22,968.75  ? 

20.  The  poll  tax  in  Texas  is  $1.50.  In  a  city  the 
amount  realized  from  this  tax  was  $4869.  How  many 
persons  paid  poll  tax  ? 

EXERCISE  37  (Written) 
REVIEW 

1.  Shoes  are  worth  $3.75  a  pair.  A  person  buys  8 
pairs  at  this  price.  Find  his  change,  if  he  gives  in  pay- 
ment $15. 

2.  A  real  estate  agent  buys  3  houses  at  $3875  each. 
He  pays  in  $100  bills.  How  many  does  he  need?  Find 
his  change. 

3.  Algebras  cost  99^  each.  In  the  first-year  classes  in 
a  high  school  there  are  117  pupils  studying  algebra.  Find 
the  cost  of  their  algebras. 

4.  The  steamship  fare  from  Galveston  to  New  York 
is  $45.     How  much  will  98  passengers  pay? 

5.  Eggs  arfe  35  f^  a  dozen.  At  this  price,  how  many 
dozen  can  be  bought  for  $12.60  ? 

6.  If  1000  bricks  cost  $9.75,  how  much  will  84,000 
bricks  cost  ? 

7.  Milk  sells  for  9^  a  quart.  How  many  quarts  must 
be  sold  to  realize  $2.34  ? 

8.  Find  the  price  of  5  bushels  of  apples  at  85^  a  bushel, 
and  25  bushels  of  potatoes  at  95^  a  bushel. 
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9.   Seven  houses  which  cost  $4925  each  were  sold  for 
$40,000.     Find  the  gain. 

10.  A  man  earns  $1250  a  year  and  spends  $75.50  a 
month.     How  much  does  he  save  ? 

11.  A  tenant  rents  a  house  for  $180  a  year  and  pays 
his  rent  in  monthly  installments.  How  much  will  he  pay 
in  5  months  ? 

12.  The  sales  in  a  store  average  $98.75  a  day.  How 
muc\will  they  amount  to  in  a  year,  the  store  being  open 
312  days? 

13.  £1  sterling  is  worth  $4,866.  Find  the  value  of 
£  200  sterling  in  United  States  currency. 

14.  A  Panama  hat  costs  $12.50.  What  is  the  value  of 
234  Panama  hats  ? 

15.  9025  tons  of  fluorspar  were  mined  in  the  United 
States  in  1897.  Its  estimated  value  was  $74,456.  What 
was  the  value  per  ton  ? 

16.  1690  tons  of  sulphur,  worth  $34,814,  were  mined  in 
the  United  States  in  1897.  How  much  was  sulphur  worth 
per  ton  ? 

17.  Assuming  the  population  of  the  United  States  is 
75,000,000  and  the  amount  of  gold  per  head  is  $12.42, 
find  the  total  amount  of  gold  in  the  United  States. 

18.  Find  the  value  of  5  barrels  of  sugar,  each  weighing 
325  pounds,  if  sugar  is  worth  5  ^  per  pound. 

19.  Find  the  cost  of  12  chests  of  tea,  each  weighing  48 
pounds,  if  tea  cost  54^  per  pound. 

20.  Two  houses  are  bought  for  $10,000  and  sold  for 
$4275  each.     Find  the  loss. 


CHAPTER  YIl 

MSASUBSS  AND  MVLTIPLSS 

KoTK.  Measures  and  Multiples  in  this  bcH>k%  xinK'is  %h^  \HM^irtii\Y 
is  sUted,  have  reference  only  to  numbers  whioh  are  U>i\\  iuW^r«kl  auU 

79.  A  number  is  prime,  or  is  said  to  be  t^  prime  immbei « 
when  it  is  exactly  divisible  by  only  itself  antl  unity. 

Thus,  1,  2,  3,  6,  7, 11, 18, 17, 19,  28,  2»,  etc.,  a^  juiiuo 
numbers,  or  prime  factors. 

80.  A  number  which  is  exactly  divlHihlo  by  othor  initn 
bers,  as  well  as  by  itself  and  unity,  is  oallod  a  eompoitfc* 
number. 

Thus,  6,  8,  9,  10, 12, 14,  16, 16, 18,  20,  etc.,  nr^  ooinnon 
ite  numbers. 

81.  An  even  number  is  one  which  in  axiwily  divUilil^ 
by  2. 

Thus,  4,  6,  8, 10, 12,  etc.,  are  even  muuhi^rn, 

82.  An  odd  number  is  one  which  in  mrt  iiXtUiily  /livl^) 
ble  by  2. 

Thus,  3,  5,  7,  9, 11^  etc.,  are  odrl  numUfM. 

83.  One  number  i»  nnxd  Uf  U'.  ^  mee#fyf*  ul  huhiht^t 
number  when  it  is  contained  ar*  tiX/uX  u\iiu)>*if  hi  Utu*%n 
in  that  other  number. 

Instead  of  the  word  "^xutn^Mwt^.^^^  fa^^/r^  dinUfff,  'Aut\  Wf/lf 
multiple  are  often  tuied.    KzampU: ;  /^  w  *  rr»/'w^ur'v,  f^/.U^r, 
divisor,  or  sub-multiple  of  Vk  IT,^  2^),  X».  m/„ 
e  n 
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84.  By  the  Greatest  Common  Mecmure  of  Two  or  More 
Numbers  is  understood  the  greatest  measure  which  these 
numbers  have  in  common. 

Thus,  6  is  the  greatest  common  measure  of  12,  18,  30. 

Greatest  Common  Measure  is  usually  designated  by  the 
letters  G.  C.  M.  It  is  called  also  Q-reatest  Common  Divisor 
(G.  C.  D.)  or  Highest  Common  Factor  (H.  C.  F.). 

85.  If  a  number  measures  each  of  two  or  more  numbers, 
it  is  said  to  be  a  common  measure  of  those  numbers. 

Thus,  2,  3,  and  6  are  common  measures  of  12,  18,  30. 

86.  Two  or  more  numbers  are  prime  to  eaoh  other  when 
they  have  no  common  measure  but  1. 

Thus,  8  and  9  are  prime  to  each  other;  so  also  are  15 
and  28  prime  to  each  other.  These  numbers,  while  prime 
to  each  other,  are  not  themselves  prime  numbers. 

87.  The  result  obtained  by  multiplying  a  number  by 
an  integer  is  called  a  multiple  of  the  number. 

Thus,  the  multiples  of  8  are  8,  16,  24,  32,  40,  48,  etc. 

We  say,  for  instance,  6  is  a  measure  of  18.  Whenever 
one  number  measures  another  number,  that  other  number 
is  a  multiple  of  the  number  which  measures  it.  18  is  a 
multiple  of  6,  and  6  is  a  measure,  factor,  or  sub-multiple 
of  18. 

88.'  The  Least  Common  Multiple  of  Two  or  More  Numbers 
is  the  least  number  which  is  a  multiple  of  each  of  the 
numbers.  In  other  words,  the  Least  Common  Multiple 
of  two  or  more  numbers  is  the  least  number  which  is 
exactly  divisible  by  each  of  the  two  or  more  numbers. 

By  multiplying  a  number  by  each  of  the  numbers  in 
the  natural  number  series,  1,  2,  3,  4,  5,  6,  7,  etc.,  we  get 
all  its  multiples. 

Least  Common  Multiple  is  denoted  by  L.  C.  M. 
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89.   Example  i.     What  is  the  L.  C.  M.  of  8  and  12  ? 
Writing  the  multiples  of  8  and  12,  we  have: 
8        16        24        32        40        48        64        72        80 
12        24        36         48        60        72        84 

Notice  that  24  is  a  common  multiple  of  8  and  12.  So 
also  are  48  and  72  common  multiples.  We  might  get 
several  other  multiples.     The  L.  C.  M.  is  24. 

Example  2.  What  is  the  L.  C.  M.  of  12  and  18  ?  Here 
the  second  multiple  of  18  contains  12  as  a  factor.  Hence 
2  times  18  is  the  L.  C.  M. 

Example  3.  A  man  buys  two  kinds  of  sugar  done  up 
in  4-pound  bags  and  in  6-pound  bags.  What  is  the  least 
number  of  pounds  he  can  buy  so  as  to  have  the  same 
number  of  pounds  of  each  kind? 

Here  the  answer  is  obviously  a  multiple  of  4  and  5. 

The  L.  C.  M.  of  4  and  6  is  20.     Hence  he  buys  20  pounds 

of  each  kind. 

EXERCISE  38  (Written) 

1.   A  person  has  equal  sums  of  money  in  dimes  and  in 

25  ff  pieces.     Find  the  least  amount  he  can  have. 

^  2.  Fence  posts  in  two  fences  are  respectively  14  feet 
and  21  feet  apart.  What  is  the  smallest  distance  corre- 
sponding to  an  exact  number  of  feet  in  both  fences  ? 

3.  A  man  earns  #4  a  day.  How  many  days  must  he 
work  so  as  to  be  paid  in  lO-doUar  notes  ? 

4.  If  a  person  earns  |i6  a  day,  how  many  days  must  he 
work  to  earn  an  exact  number  of  f  20  bills  ? 

5.  A  housewife  puts  her  flour  into  10-pound  and  6-pound 
sacks,  and  has  the  same  quantity  in  the  10-pound  sacks 
as  she  has  in  the  6-pound  sacks.  What  is  the  least  quantity 
of  flour  she  can  have  ? 
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6.  A  man  buys  two  grades  of  sheep  at  $4  and  $6  a 
head  respectively.  He  spends  the  same  amount  in  the 
purchase  of  the  two  grades  of  sheep.  What  is  the  smallest 
amount  he  can  spend  ?     How  many  sheep  can  he  buy  ? 

7.  A  boy  buys  oranges  at  3^,  4^,  5^  apiece.  He  spends 
the  same  amount  on  each  kind  of  oranges.  What  is  the 
least  amount  he  can  spend  on  each  kind?  How  many 
oranges  does  he  buy? 

8.  A  person  spends  the  same  amount  of  money  on  eggs 
at  15^  a  dozen  and  at  20^  a  dozen.  What  is  the  smallest 
amount  he  can  spend  on  each  kind  ? 

FACTORS  AND  MULTIPLES 

90.    Perform  the  following  indicated  operations  : 

2x3x4x6x7. 

Multiplying  2  by  3,  that  product  by  4,  then  the  product 
of  the  first  three  factors  by  5,  and  finally  this  product  by 
7,  we  get  840. 

Suppose,  now,  we  group  the  factors,  first  multiply  2  by  ^ 
3  and  get  6,  next  4  by  5,  and  get  20,  and  then  multiply  6 
X  20  X  7,  we  get  the  same  result;  i.e.  840. 

If  we  group  the  factors  in  any  other  way,  for  instance, 
first,  multiply  3x4x5,  and  next  multiply  7x2,  and  then 
multiply  these  products,  we  get  again  840.  No  matter 
how  we  group  the  factors,  the  product  remains  the  same. 
By  taking  any  other  factors,  we  find  the  same  law  holds. 

The  product  of  any  number  of  factors  is  the  same,  no 
matter  hew  the  factors  are  grouped. 

This  is  known  as  the  Associative  Law. 

Note.  A  thorough  understanding  of  this  law  is  of  great  impor- 
tance in  future  work. 
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91.  How  many  times  are  8  yards  contained  in  36  yards  ? 

^Yo     Reduce  3  yards  to  feet,  and  also  36  yards  to  feet. 

In  3  yards  there  are  9  feet.     In  36  yards  there  are  108 
feet.     Now  divide  108  by  9.  ; 

^-Tn~    We  again  get  the  same  result. 

Reduce  now  divisor  and  dividend  to  inches,  and  we  have 
108  for  divisor  and  1296  for  dividend. 
Divide :  ^2 

108)1296 
108 
216 
216 

Again  we  get  the  same  result. 

It  annears.  therefore  that  ^  -  ^^  ^  ^  -  ^6  X  3  x  12. 
It  appears,  theretore,  that  -  -  -^—^  -  g  ^  g  ^  -^g 

FACTORS  AND  MULTIPLES:    CANCELLATION 

If  divisor  and  dividend  are  multiplied  by  the  same 
number  or  numbers,  the  quotient  remains  the  same.  Con- 
versely,, we  may  divide  dividend  and  divisor  by  the  same 
number,  and  the  quotient  remains  the  same. 

92.  Cancellation  is  the  shortening  of  the  process  of 
division  by  dividing  dividend  and  divisor  by  the  same 
factor  or  factors. 

Find  by  cancellation  the  quotient : 

18  X  27  X  16  ^  2  X  9  X  2 
9x8x3        Ixlxl' 
Dividing  9  into  18,  8  into  16,  and  3  into  27,  we  find  the 

quotient  ^^?^^  =  36. 
1x1x1 
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EXERCISE  39  (Written) 
Find  by  cancellation  the  quotient :  > 
,4x18x3x24  ^22x88x15 


9  X  4  X  144  132  X  4 

18x90x105  ^      1760x99 


14  X  25  X  3  4  X  88  X  165 

27x64x8  ,-    6280x14 


108  X  32  176  X  84 

343  X  125  „       1728  x  34 


35  X  35  27  X  136  x  8 

,16x16x8x81  „        640x5200 


64  X  32  X  3  125  x  512  x  13 

^      225x216  „      2380x104 


76  X  9  X  12  119  X  8  X  13 

108  X  27  X  121  111  X  39  X 12 

*     22  X  33  X  18  ■  '    74  X  27  X  13  ■ 

15.  A  farmer  exchanged  320  acres  of  land  worth  $60 
an  acre  for  26  city  lots.     How  many  lots  did  he  get  ? 

(price  of  a  lotj)  x  25  =  150  x  320. 

Hence,  price  of  lot  =  ^^^^i^  =  $640. 

16.  How  many  cows  at  $40  a  head  cost  as  much  as  16 
horses  at  $64  a  head? 

17.  How  many  dozen  eggs  at  85^  a  dozen  must  be  sold 
to  pay  for  7  barrels  of  apples  at  $2.10  a  barrel  ? 

18.  A  laborer  receives  $3.20  a  day.  How  many  days 
must  he  work  to  pay  for  6  tons  of  coal  at  $8  per  ton  ? 

19.  A  bicyclist  rides  at  the  rate  of  9  miles  an  hour. 
How  long  will  it  take  him  to  travel  as  far  as  a  train  goes 
in  6  hours  at  the  rate  of  33  miles  an  hour  ? 

20.  How  many  cattle  at  $42  a  head  must  be  sold  to  pay 
for  11,200  bushels  of  wheat  at  75;^  a  bushel? 
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REVIEW  QUESTIONS 

1.  What  is  the  monetary  unit  of  the  United  States  ? 

2.  What  does  the  word  mill  mean?     What  does  the 
word  cent  mean  ? 

3.  Name  the  United  States  coins. 

4.  Our  monetary  units  conform  to  the  decimal  system 
of  notation;  explain. 

5.  How  do  you  reduce  dollars  and  cents  to  cents? 

6.  How  do  you  reduce  dollars  and  cents  to  mills  ? 

7.  How  are  mills  expressed  as  dollars  ? 

8.  How  are  cents  expressed  as  dollars  ? 

9.  How  do  you  add  dollars  and  cents  ? 

10.  How  do  you  subtract  dollars  and  cents  ? 

11.  How  do  you  multiply   dollars   and   cents   by  an 
integer  ? 

12.  How  do  you  divide  dollars  and  cents  by  an  integer? 

13.  What  is  a  composite  number  ? 

14.  What  is  a  prime  number  ? 

15.  Explain  the  terms  measure  and  multiple. 

16.  What  other  words  are  used  for  measure  ? 

17.  What  is  meant  by  greatest  common  measure  ? 

18.  What  is  meant  by  common  measure  ? 

19.  Explain  what  is  meant  by  least  common  multiple. 

20.  Name,  in  order,  the  first  seven  multiples  of  11. 

21.  What  is  the  Associative  Law  ? 

22.  What  is  meant  by  cancellation  ? 


CHAPTER   VIII 

FRACTIONS 

93.  In  §  51  we  have  seen  that  division  is  indicated  by- 
writing  the  dividend  above  a  horizontal  line  and  the 
divisor  below  the  same  horizontal  line. 

Thus,  ^  implies  that  20  is  to  be  divided  by  4,  or  that 
ihe  fourth  part  of  20  is  sought.     Here  the  quotient  is  5. 

If  we  divide  23  by  4,  the  process  is  indicated  -2^.  The 
5[uotient,  in  this  instance,  is  5  with  a  remainder  3,  or  the 
q^uotient  is  6| ;  this  means  4  is  contained  in  23  five  times, 
%nd  that  3  remains  to  be  divided  by  4. 

From  processes  of  this  character,  the  term  fraction 
(Latin  fractus,  broken  in  pieces)  has  arisen.  ^,  5|,  f , 
are  all  fractions. 

A  fraction  is  an  indicated  division. 

94.  There  is  another  way  of  looking  at  a  fraction;  in 
other  words,  there  is  a  second  concept  of  a  fraction. 

Suppose  the  line  AB  to  be  divided  into  3  equal  parts. 

A  C  D  B 

I 1 1 ; 1 

One  of  these  parts  is  called  one-third  of  the  whole  line  AB. 
Two  of  these  equal  parts  are  called  two-thirds  of  AB^ 
and  three  of  them  are  called  three-thirds  of  AB. 


Take  another  line  AB  and  divide  it  into  4  equal  parts. 

88 
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1  of  these  parts  is  called  1  fourth  of  the  line. 

2  of  these  parts  are  called  2  fourths  of  the  line. 

3  of  these  parts  are  called  3  fourths  of  the  line. ' 

4  of  these  parts  are  called  4  fourths  of  the  line. 

If  a  quantity  is  divided  into  5  equal  parts, 

1  part  is  called  what  ? 

2  parts  are  called  what  ? 

3  parts  are  called  what  ? 

4  parts  are  called  what  ? 

5  parts  are  called  what  ? 
How  many  fifths  are  in  any  quantity  ? 

If  a  quantity  is  divided  into  6  equal  parts, 

What  is  1  part  called  ? 

What  are  2  parts  called  ? 

What  are  3  parts  called  ? 

What  are  4  parts  called  ? 

What  are  5  parts  called  ? 

What  are  6  parts  called  ? 
How  many  sixths  are  in  a  quantity  ? 
If  a  quantity  is  divided  into 

7  equal  parts, 

8  equal  parts, 

9  equal  parts, 

10  equal  parts, 

11  equal  parts, 

12  equal  parts, 

95.    Suppose  we  have  several  oranges,  and  we  divide 
each  orange  into  4  equal  parts, 

1  part  is  called  1  fourth  of  an  orange. 

2  parts  are  called  2  fourths  of  an  orange. 

3  parts  are  called  3  fourths  of  an  orange. 


whp^t  is  each  part  called  ? 
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4  parts  are  called  4  fourths  of  an  orange. 

5  parts  are  called  5  fourths  of  an  orange. 

6  parts  are  called  6  fourths  of  an  orange. 

7  parts  are  called  7  fourths  of  an  orange. 

8  parts  are  called  8  fourths  of  an  orange. 

What  does  the  fraction  17  fourths  mean  ?  It  means  a 
number  of  things  of  the  same  kind  are  each  divided  into  4 
equal  parts,  and  17  of  the  parts  are  taken. 

EXERCISE  40  (Oral) 
Add: 

1.  1  third,  2  thirds,  4  thirds. 

2.  1  half,  3  halves,  5  halves. 

3.  3  fourths,  5  fourths,  7  fourths. 

4.  1  fourth,  2  fourths,  3  fourths. 

5.  2  fifths,  3  fifths,  7  fifths,  6  fifths. 

6.  3  fifths,  4  fifths,  5  fifths,  6  fifths. 

7.  1  sixth,  5  sixths,  2  sixths,  3  sixths. 

8.  4  sevenths,  5  sevenths,  6  sevenths,  2  sevenths. 

9.  1  eighth,  3  eighths,  5  eighths,  7  eighths. 
10.  3  tenths,  4  tenths,  6  tenths,  7  tenths. 

NOTATION  OF  FRACTIONS 

96.  1  third  is  written  J. 

2  thirds  is  written  f . 
1  fourth  is  written  \. 

3  fourths  is  written  |. 
1  seventh  is  written  ^. 

4  sevenths  is  written  ^. 
7  eighths  is  written  J. 
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How  many  thirds  are  in  1  thing  ? 

How  many  fourths  are  in  1  thing? 

How  many  sevenths  are  in  1  thing  ? 

How  many  eighths  are  in  1  thing? 
In  the  notation  of  fractions,  what  does  the  number 
below  the  line  indicate  ? 

What  does  the  number  above  the  line  indicate  ? 

97.  If  a  unit  quantity  is  divided  into  any  number  of 
equal  parts,  one  of  these  parts  is  called  a  fraotlonal  unit, 
or  unit  fraction. 

98.  A  fraction  is  one  fractional  unit,  or  two  or  more  frac- 
tional units  of  the  same  denomination. 

99.  A  fraction  is  expressed  by  two  numbers,  one  num- 
ber being  written  above  a  horizontal  line  and  the  other 
number  being  written  below  the  same  horizontal  line. 

The  number  above  the  horizontal  line  is  called  the 
numerator,  because  it  number 9  the  parts  taken,  Le.  tells 
how  many  fractional  units  there  are. 

The  number  below  the  line  is  called  the  denominator: 
it  names  the  fractional  unit,  and  indicates  how  many  frac- 
tional units  there  are  in  the  unit  quantity  from  which  the 
fractional  unit  is  derived. 

Thus,  I  signifies  the  unit  quantity  is  broken  into  4  equal 
parts  and  3  of  these  parts  are  taken.  Here  the  fractional 
unit  is  I  (one-fourth);  3  is  the  numerator,  and  4  is  the 
denominator. 

100.  The  numerator  and  denominator  are  called  the 
terms  of  the  fraction. 

Note.  The  definition  of  fraction  in  §  98  is  correct  so  long  as  we 
are  dealing  with  fractions  whose  terms  are  integral  numbers.  It  must 
not  be  considered  as  a  scientific  definition  of  a  fraction.  It  does  not 
hold  where  the  denominator  is  a  fractional  or  a  surd  number.  The 
real  definition  of  a  fraction  is  that  given  in  §  93. 
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101.  A  proper  fraotion  is  one  whose  numerator  is  less 
than  its  denominator.  Thus,  ^  is  a  proper  fraction,  because 
4  is  less  than  7. 

102.  An  improper  fraction  is  one  whose  numerator  is 
greater  than  or  equal  to  its  denominator.    Examples :  -^,  f . 

103.  A  mixed  number  is  a  number,  part  integral  and 
part  fractional.     Thus,  4|  is  a  mixed  number. 

EXERCISE  41  (Oral) 
Read  and  explain  what  each  represents: 

«'    4'    f '    f '    2'    2'    h    8'    i'    T'      4  '     6»    6'     6'    ^'      6  »    6»    6» 

*,  ^.  f  h  h  V^  ¥>  h  h  h  I'  ¥'  ¥'  1^'  A'  H'  !«• 

104.  We  have  defined  a  fraction  as  an  indicated  division, 
and  we  have  also  regarded  a  fraction  as  the  result  of 
counting  fractional  units  of  the  same  name.  Do  these  two 
points  of  view  agree  ? 

Take  the  fraction  J.     From  the  first  point  of  view,  this 
fraction  is  2  divided  by  3,  i.e.  the  third  part  of  2.     From 
the  second  point  of  view  this  fraction  is  read  2  thirds, 
i.e.  2  times  one-third. 
Now  is 

one-third  of  2  =  2  times  one-third  ? 
Let  us  see. 

CI 1 1  ID 

Ai 1 1 iB 

Take  any  line  AB.  Divide  it  into  3  equal  parts.  One 
of  these  parts  is  called  1  third  of  AB ;  2  of  these  parts 
are  called  2  thirds  of  AB. 

Take  another  line  OB  equal  to  AB.  Divide  it  into  3 
equal  parts.     Counting  the  parts  of  the  two  lines,  we  find 
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there  are  6  parts  in  all.  Now  one-third  of  the  two  lines 
is  equal  to  one-third  of  the  6  parts,  i.e.  2  parts. 

We  have  then  one-third  of  the  2  lines  equal  to  2  parts. 
But  any  two  of  the  parts  equal  2  thirds  of  one  line.     Hence, 

one-third  of  2  =  2  thirds  or  2  times  one-third. 

This  same  conclusion  may  be  seen  as  follows: 

1  =  3  thirds. 

2  =  6  thirds. 
Hence,             one-third  of  2  =  2  thirds. 

For  beginners  a  concrete  illustration  can  be  taken  as 
follows: 

Take  any  number,  12. 

1  third  of  12  =  4. 
2  thirds  of  12  =  8. 

But  one-third  of  2  times  12  =  8.  Hence,  if  the  unit  quan- 
tity is  12,  it  is  seen  at  once  that  2  thirds  of  it  =  one-third 
of  twice  it. 

EXERCISE  42 

Show  by  drawing  lines,  or  illustrate  in  some  way,  the 
truth  of  the  following: 

1.  3  fourths  =  one-fourth  part  of  3. 

2.  2  fifths      ^  one-fifth  part  of  2. 

3.  3  fifths      =  one-fifth  part  of  8. 

4.  4  fifths       =  one-fifth  part  of  4. 

5.  5  sixths     =  one-sixth  part  of  5. 

6.  5  twelfths  =  one-twelfth  part  of  5. 

7.  7  twelfths  =  one-twelfth  part  of  7. 

105.    Reduce  J^^  to  a  mixed  number.     Performing  the 
division,  we  have  5§. 
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EXERCISE  43  (Oral) 
Reduce  to  integers  or  mixed  numbers: 


1. 

¥• 

10. 

¥• 

19.    ^. 

28. 

H- 

2. 

¥• 

11. 

¥• 

20.    f^. 

29. 

U- 

3. 

¥• 

12. 

M- 

21.    fj. 

30. 

¥• 

4. 

¥• 

13. 

\i- 

22.    ^. 

31. 

il- 

S. 

¥• 

14. 

¥• 

23.    i|. 

32. 

M- 

6. 

¥• 

15. 

H^' 

24.    ^. 

33. 

W- 

7. 

¥• 

16. 

W- 

25.    If. 

34. 

Xfi. 

8. 

¥• 

17. 

W- 

26.    14. 

3S. 

H^. 

9. 

¥• 

18. 

if 

27.    -f^/i. 

36. 

J^. 

106. 

Reduce  to  an  improper  fraction  4^. 

1  = 

6  sixths. 

4   = 

24  sixths. 

4f  = 

29  sixths  =  y. 

Another  Method 

What  number  divided  by  6  gives  4  'as  a  quotient  and  5 
ad  a  remainder  ? 

The  answer  is  6  times  4  +  the  remainder,  5.     Therefore 

4|=¥- 


EXERCISE  44  (Written) 
Reduce  to  improper  fractions: 

1.  Z\.         7.   ^.        13.   19f 

2.  3f.  8.    5f.         14.    18f 

3.  ^.  9.    9^.       15.    27j^ 

4.  9f.       10.    10^^.     16.    88^ 

5.  9f         11.    11  Jg.     17.    39f 

6.  10^.    12.    10^.        18. 


19.  20^. 

20.  16i|. 

21.  14|. 

22.  l^. 

23.  19f 

24.  29f 


25.  27t^. 

26.  13^. 

27.  14f 

28.  37|. 

30.  80,!^. 
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107.  Add  |,  f ,  J.     Here  we  have  2  thirds  +  5  thirds  + 
7  thirds  =  14  thirds,  or  Jgt  =  4|. 

.  ,  ,  EXERCISE  45  (Written) 

Add: 

1.  h  h  f  •  6.    f ,  |,  J^,  Jgl.  11.    f ,  -J,  JgL,  J^. 

2.  f,t,Jj^.  7.    f  f  f  Jf.  12.    1,4,^5^,^^. 

3.  i  I,  I-  8.    f ,  f  Jf ,  ^.  13.    ,3„  ^,  ii,  {I 

*.   i  1^  ¥•  9-    f  f  ¥>  ¥•  "•    A.  1^.  1^.  if 

5.    I,  I,  I,  f .  10.    f ,  f ,  4,  Jrf^.  15.    it,  if,  Vk,  iV- 

108.  Subtract  f  from  J. 

7  thirds  -  2  thirds  =  5  thirds  =  f  =  1  J. 

EXERCISE  46  (Oral) 
Find  the  remainder: 

2.  J-|.  10.    J^-f  18.    ll-iV 

3.  i-\.  11.    H-^fV-  W.    H-Vk- 

4.  |-|.  12.    ^-A-.  20.    H-ii. 

5.  Jgl-f  13.    il-^.  21.    ff-lf. 

6.  J^-i^.  14.    iS-^.  22.    4f-^f 

7.  igl-f  15.    e-lV-  23.    e-ii- 

109.  Multiply  f  by  8. 

3  fourths  X  8  =  24  fourths  =  -^^  =  6. 

EXERCISE  47  (Written) 
Find  the  value  of : 

1.  Jx    3.        5.  V-X    4.        9.  Jfx    9.  13.  ^xl2. 

2.  I  X    4.        6.  J^  X    7.      10.     I  X  14.  14.  ^  X  15. 

3.  |x    6.        7.  ^x   5.      u.     ^xl9.  15.  l|x    8. 

4.  f  xl2.        8.   -Vixl4.      12.  ^xl2.  16.  Ifx    9. 
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Take  a  line  AB.  Suppose  it  is  12  inches  long.  Divide 
it  into  2  equal  parts.  Let  AJE  represent  6  inches  and 
JSB  represent  6  inches.  Divide  AH  into  2  equal  parts; 
divide  also  JEB  into  2  equal  parts.  Let  C  and  2>  be  the 
points  of  division.  Each  of  the  lines  AC,  CJE,  HB,  DB 
will  represent  3  inches,  since  each  will  be  one-fourth  of  AB. 
Divide  each  of  the  lines  AO,  OE,  EB,  BB,  into  3  equal 
parts,  making  12  parts  in  all. 

\  of  the  whole  line  =  8  inches. 
Hence,  \  of  the  whole  line  =  6  inches. 

\  of  the  whole  line  =  6  inches. 
Therefore,  J  =  |. 

Also,  1  inch     =  ^^  of  the  whole  line. 
6  inches  =  A  of  the  whole  line. 
Therefore,  J=f=^. 
Take    a    rectangle 
ABGB.      Divide    it. 
How  many  parts   are 
there  in  all  ? 

What  part  of  the 
whole  rectangle  is  one 
of  the  smallest  parts  ? 
How  many  of  the 
smallest  parts  are 
there  in  \  of  the  rec- 
tangle ?   I  of  the  rectangle  ? 

From  the  figure  ABCB  can  you  infer  that  J  =  |  =  ^  ? 
What  part  of  10  inches  is  1  inch  ? 
What  part  of  10  inches  is  2  inches  ? 
What  part  of  10  inches  is  3  inches  ? 
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What  part  of  10  inches  is  4  inches  ? 

What  part  of  10  inches  is  5  inches  ? 
What  is  J  of  10  inches  ?  What  is  |  of  6  apples  ? 

What  is  J  of  6  apples  ?  What  is  |  of  6  apples  ? 

From  the  above  illustrations,  it  appears  that  J  =:  |  =  |  = 

In  other  words,  J  can  be  reduced  to  fourths,  sixths, 
eighths,  tenths,  twelfths. 

Can  J  be  reduced  to  fifths  ?     We  know  1  =  5  fifths, 
hence  J  is  not  equal  to  an  integral  number  of  fifths. 
We  cannot  reduce  ^  to  thirds,  fifths,  ninths,  etc. 
What  is  J  of  6  apples  ? 
What  is  ^  of  6  apples  ? 
What  is  f  of  6  apples  ? 

Can  J  be  reduced  to  fifths,  sevenths,  tenths,  etc.  ? 

Show  that  J  =  f,J  =  ^Vi  =  l*^- 
Showthat|  =  |,i  =  3Hj,f  =  if. 

Can  J  be  reduced  to  fifths,  sevenths,  ninths,  tenths,  etc.? 

110.  The  terms  of  a  fraction  may  be  multiplied  by  the 
same  number  and  the  value  of  the  fraction  remains  the 
same. 

This  is  merely  a  repetition  of  the  principle  stated  in 
§  91 ;  namely,  that  if  the  dividend  and  divisor  be  multi- 
plied by  the  same  number,  the  quotient  remains  the  same. 

HI.   Reduce  f  to  fourteenths. 

■^  =  ^.     Hence,  multiplying  by  3,  f  =  ^j. 

Or,  proceed  thus  :    a  ^  some  number^     Here  the  divisor, 

14 
7,  is  doubled,  therefore  the  dividend,  3,  must  be  doubled. 
Hence,  f  =  ^. 
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EXERCISE  48  (Written) 
Reduce : 

1.  f  to  9ths,  to  ISths,  to  24ths,  to  30ths,  to  36ths. 

2.  I  to  8ths,  to  16ths,  to  24ths,  to  32ds,  to  40ths. 

3.  I  to  lOths,  to  20ths,  to  25ths,  to  35ths,  to  40ths. 

4.  f  to  14ths,  to  21sts,  to  28ths,  to  35ths,  to  49ths. 

5.  f  to  16ths,  to  24ths,  to  40ths,  to  48ths,  to  64ths. 

6.  I  to  32ds,  to  48ths,  to  56ths,  to  72ds,  to  80ths. 

7.  I  to  18ths,  to  27ths,  to  45ths,  to  63ds,  to  72ds. 

8.  ^  to  20ths,  to  SOths,  to  70ths,  to  80ths,  to  90ths. 

9.  ^  to  24ths,  to  48ths,  to  72ds,  to  84ths,  to  96ths. 

10.  3  to  7ths,  to  lOths,  to  12ths,  to  20ths. 

11.  5  to  4ths,  to  9ths,  to  14ths,  to  25ths. 

12.  7  to  3ds,  to  Sths,  to  lOths,  to  12ths. 

We  can  reduce  |  to  28ths.  f  =  f |^.  This  we  do  by 
multiplying  the  terms  of  the  fraction  |  by  7.  Conversely, 
we  can  reduce  |J  to  |  by  dividing  the  terms  of  the  fraction 

112.  A  fraction  is  said  to  be  in  its  Bimplest  form  when 
its  terms  are  integers  prime  to  each  other.  Thus,  f  is  in 
its  simplest  form  because  its  terms  3  and  4  are  prime  to 
each  other. 

A  fraction,  in  its  simplest  form,  is  also  said  to  be  in  its 
lowest  terms. 

113.  Reduce  to  lowest  terms  -^^^ 
.  48  -.  12  —  4  Here  we  first  divided  the  terms  by 


2,  and  got  |-| ;  next  we  divided  the 
terms  of  the  fraction  |^  by  4  and  got  ^|.  Then  we 
divided  by  3  and  got  ^.  In  each  case  we  find  by  inspec- 
tion the  factor  which  can  be  divided  into  the  terms  of 
the  fraction. 
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EXERCISE  49  (Written) 
Reduce  to  lowest  terms : 

^-    A'  A'  M'  2T»  A'  M »  fo>  SO"  if • 
^-     45'  ft'  75»  tt'  tt'  tf»  tt'  96- 

^*  li»  M»  «'  «!'  yi'  ei'  ft'  144 • 

*•  ^ftr^  iAfe»  Wt»  ll»  ^^»  ^fc'  ill'  MJ* 

^-     216'  tM»  16 I»  "ftff»  f 4'  81'  inJ8'   192- 
ADDITION 

114.  JSxample  1.  What  part  of  1  foot  is  ^  of  a  foot  and 
J  of  a  foot? 

J  of  a  foot  =  6  inches ;  J  of  a  foot  =  4  inches. 
J  of  a  foot  +  J  of  a  foot  =  10  inches. 

1  inch  =  ^^  of  a  foot. 
10  inches  =  ^f  of  a  foot  =  f  of  a  foot. 
Hence,  J  of  a  foot  +  J  of  a  foot  =  f  of  a  foot. 

If  we  take  any  other  unit  quantity,  we  shall  always 
find  J  of  it  +  J  of  it  =  f  of  it.     Hence  J  4-  J  =  f . 

We  do  not  usually  add  fractions  in  this  manner.  In 
adding  concrete  quantities,  we  always  reduce  them  to 
units  of  the  same  denomination.  In  adding  fractions  we 
first  reduce  them  to  fractions  of  the  same  denomination. 

We  can  reduce  J  to  6ths,  12th8,  18ths. 
We  can  reduce  ^  to  6ths,  12ths,  18ths. 
Hence  we  can  reduce  ^  and  ^  to  fractions  of  the  same 
denomination. 
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In  adding  fractions,  we  select,  as  a  matter  of  conven- 
ience, the  lowest  denomination  common  to  the  fractions. 

Hence,  J  +  J  =  |  +  |  =  ^. 

Example  2.     Add  |,  |^. 

4ths  can  be  reduced  to  8ths,  12ths,  16ths,  24ths. 
6ths  can  be  reduced  to  12ths,  ISths,  24ths, 
Here  the  lowest  denomination  common  to  both  fractions 
is  12ths.     Notice,  12  is  L.  C.  M.  of  4,  6. 

Hence,  I  +  t  =  i^  +  if  =  H  =  ^l^- 

Example  3.     Add  4^,  2f ,  l^j. 
44    =  4A    '      ^^  ^^®^  ^^^  *^®  fractions  J,  f ,  ^.      To 

of    —  Oil      ^^  ^^^^  ^®  ^^*  ^^^  ^"^^  ^"  ^*  ^"  ^^  *^®  ^®' 
A  1 1^      nominators.     The  L.  C.  M.  of  2,  6,  12,  is  12. 

oP        ^  i=A^f  =  i§>T^  =  ^-    Adding  ^1§, 

^*  T^,wegetfJ  =  i  =  li. 

Write  I  in  the  sum  and  carry  1.     Add  next  the  in- 
tegers 4,  2,  1,  and  the  1  carried.     The  sum  is  8|. 

The  work  may  be  contracted  as  follows : 

-o  Find  first  the  L.  C.  M.  of  the  de- 

.^      -^  nominators  and  write  it  above   a 

^1      -^  horizontal  line.      Underneath   this 

-^       -  line  write  the  number  of  12ths  in 

-i?    —  each  of  the  fractions.     Add  these 

4  li  ~  12  =  ^t  numbers,  and  underneath  the  sum 
write  the  common  denominator.  Reduce  this  fraction  to 
its  simplest  form.  Add  its  integral  part  to  the  integral 
part  of  the  addends. 
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115.  T6  add  fnetioiiA,  first  reduce  them  to  equivalent 
{ractions  haying  the  same  denominator.  Then  add  the 
numerators,  and  underneath  the  sum  write  the  common 
denominator. 

If  the  resulting  fraction  is  not  in  its  simplest  form, 
reduce  it  to  its  simplest  form. 

To  add  mixed  numbers,  first  add  the  fractions,  and  to 
this  sum  add  the  sum  of  the  integers. 

EXERCISE  50  (Written) 
Find  the  sum  of : 


a.  h  h  h 

15.  h  h  h  H' 

2»-   h^i' 

a.  i,i,i. 

«•  h  i  h  A- 

30.  f  J.  A.  «• 

3.  h  h  i- 

17.   T^,  J,  f 

31.  IJ,  2J,  8|. 

♦•  hhh 

18.   ii,  h  f 

32.  2i,  6J,  7^^. 

»•      h    h    ^^ 

19-i^'H- 

33.  3i,  2J,  2f 

«•       hh^' 

«>.  h  T^'  ih 

34.  6|,7J,1HJ. 

•f-h^^h 

21-  i  T^'  H- 

35.  9i,7flOTij. 

8-   A'l'f 

M.   i^f  T^. 

36.   lO^f^y,  9|,  2§. 

9.   I,  h  h 

«•  h  h  t^'  H- 

37.  9|,  If  e^if . 

W.       h    h    ^^ 

a*.  Ii  Ai  H- 

38.  2,1^,  8i,  7a«j. 

"•       A'i'f 

2».   i,  h  1^'  1^- 

39.  9^,  7|,  2,^. 

"•       ^'    I    h 

26.   f  f ,  |. 

40.  4i  6J,  7ii. 

13.    |,  f 

27.    f,  i,  ^. 

4X.  8f  3f,  12^1^. 

"•  3^'  ^'  h 

28.   I,  I,  T^. 

*2.  6f  4if,  8^. 

43.  A  boy  has 

i9i 

and  f  ^.     What  part  of  11  has  he  ? 

44.  How  much  is 

;  ^  of  an  hour,  ^ 

of  an  hour,  \  of  an 

hour? 

45.  Which  is 

the 

largest  and  which  the  smallest  of  the 

three  fractions, 

hhV 
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46.  How  much  is  I  of  a  foot  and  J  of  a  foot  ? 

47.  How  much  is  J  of  a  dollar  and  f  of  a  dollar  ? 

48.  How  much  is  J  of  a  quart,  J  of  a  quart,  and  f  of  a 
quart  ? 

49.  Find  the  price  of  4  books,  if  each  book  cost  f  |. 

50.  A  boy  studies  IJ  hours  in  the  morning,  1 J  hours  in 
the  afternoon,  and  |  of  an  hour  at  night.  How  many 
hours  does  he  study  in  all  ? 

51.  A  grammar  cost  $|,  and  a  geography  cost  ||.  What 
was  the  cost  of  the  two  books  ? 

52.  If  sugar  costs  5^  cents  a  pound,  how  much  will  4 
pounds  of  sugar  cost  ? 

SUBTRACTION 
116.   Example  1.    From  |  take  f . 

|  =  i-|        Reduce,  first,  the  fractions  to  the  same  de- 
I  =  ^^    nomination.     L.  C.  M.  of  4  and  5  is  20.     We 

^    have  then  ^-^  =  ^. 
Example  2.    Find  the  difference  between  20  and  7|. 

I  and  f  =  1.    Write  f 

20    (sum  of  two  numbers)     and  carry  1,  as  we  do  in 

7|  (one  of  the  numbers)         addition.     8   and   2,  10. 

i2|  Write   2.      1   and  1,    2. 

Write  1. 
Example  3.    Find  the  value  of  117^  - 112|. 
If  a  person  had  $17^  and  had  to  pay  a  bill  amounting 
to  $12|,  the  way  his  change  would  be  made  out  is  some- 
what  as  follows:  pj^^^   ^^^  ^gf  from 

f  17A  (sum  of  two  numbers)     ^'^'    I  and  ^  =  |  =  1. 

ai2f    (one  of  the  numbers)      ^/°<1  J'  ^-  J^  f"'^  «"°^ 
— ?    '^  A  is  then  added.     ^  + 
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This  method  works  in  all  cases  but  one.  An  example 
where  we  could  not  proceed  in  this  way  is,  $4|  —  $4|. 
In  cases  where  the  integral  parts  of  the  minuend  and  sub- 
trahend are  the  same  we  subtract  the  fractions  at  once. 
This.is  what  is  done  in  actual  business. 

Another  Method 

.  Reduce  to  the  same  denomination.  Write 

20    the  L.  C.  M.  of  the  denominators  above  a 

6     horizontal  line ;  underneath  write  the  num- 

15     ber  of  fractional   units  in  each  fraction. 

^    Add  the  number  to  15,  which  makes  the 

sum    20  +  6.      Write    the   result   for   the 

numerator  of  the  fraction  in  the  remainder. 


12| 


EXERCISE  SI  (Written) 


Find  the  value  of : 

1-  i-f 

IS. 

6-3|. 

29. 

V 

31J|-20^ 

2-    i-h 

16. 

6-4,3,. 

30. 

m-mi 

3.    t-f 

17. 

11 -f 

31. 

^-^^ 

*•    f-f 

18. 

13 -|. 

32. 

7|-8|. 

«•    ^-h 

19. 

14 -5J. 

33. 

n-^^^- 

«•    i-i- 

20. 

15    3,;^. 

34. 

10J-9|. 

7-    A-f 

21. 

28-21^. 

35. 

161-91. 

8-  M-f 

22. 

17t-10J. 

36. 

4§-li^- 

9-    T^-i- 

23. 

ISf-llJ. 

37. 

9^-2^. 

W-    IJ-f- 

24. 

5^-2,^. 

38. 

8^-8^. 

^-  M-f 

25. 

29|  -  24f . 

39. 

n-m- 

".    i-T^. 

26. 

33f-17f 

40. 

18i-9|. 

13.    8 -If 

27. 

^^-H- 

41. 

m-H- 

14.    4-l|. 

28. 

82H-30^. 

42. 

iH-Q^- 
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43.  What  number  must  be  added  to  1 J  to  make  7^  ? 

44.  A  man  buys  a  suit  of  clothes  for  |12|  and  gives  3 
five-dollar  bills  in  payment.  How  much  change  should  he 
receive  ? 

45.  Prom  a  piece  of  cloth  containing  17f  yards  14J 
yards  are  sold.     How  many  yards  are  left  ? 

46.  A  boy  buys  two  books  costing  $f  and  $|^.  How 
much  change  should  he  get  out  of  a  $2^  gold  piece  ? 

MULTIPLICATION  OF  A  FRACTION  BY  AN  INTEGBB 

117.  Example  1.    Multiply  |  by  18. 

f  X  18  =  3  fourths  x  18  =  54  fourths  =  ^  =  13|  =  18f 
The  mechanical  work  may  be  contracted  as  follows : 
9 
I  X  18  =  i.^  =  ¥  =  13J.     Here  we  cancel   2  in  the 

2 
numerator  and  denominator.     To  multiply  a  fraotion  by 
an  integer,  multiply  the  integer  by  the  numerator  of  the 
fraction,  and  divide  by  the  denominator.     Cancel  factors 
in  the  numerator  and  denominator  whenever  possible. 

MULTIPLICATION  OF  A  MIXED    NUMBER    BY  AN    INTEGER 

118.  Example  2.    Multiply  3^  by  14. 

Since  multiplication  in  which  the  multiplier  is  an 
integer  has  been  defined  as  a  short  method  of  addition 
wherein  the  addends  are  each  equal  to  the  multiplicand, 
we  have 

8,!^  Xl4=  (3  X  14)  +  (^  X  14)  =  42  +  4i  =  46f 
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Another  Method 

7 

5 

We  first  reduce  the  mixed  number  to  an  improper 
fraction,  and  then  multiply  by  14.  The  first  method  is 
to  be  preferred. 

To  multiply  a  mixed  number  by  an  integer,  first  multiply 
the  fractional  part  of  the  mixed  number  by  the  multi- 
plier, next  multiply  the  integral  part  of  the  mixed  number 
by  the  multiplier ;  add  the  two  results  for  the  final 
product. 

EXERCISE  52  (Written) 

Find  the  value  of  : 

1.  I  X  18.  9-  ^  X  24.  17.  If  X  10.  25.  7^\  X  88. 

2.  I  X  14.  10.  ^  X  40.  18.  1|  X  12.  26.  8^  X  19. 

3.  I  X  7.  11.  1%  X  84.  19.  3|  X  10.  27.  9^  x  80. 

4.  ^^  X  18.  12.  ^  X  42.  20.  6^  X  64.  28.  61^  x  102. 

5.  ^  X  16.  13.  ^f  X  44.  21.  6|  X  36.  29.  7^  x  60. 

6.  I  X  12.  14.  If  X  50.  22.  9^  X  16.  30.  ll^V  X  IS. 

7.  f  X  19.  15.  ^  X  45.  23.  7f  X  44.  3i.  12^  x  18. 

^8.  J  X  28.        16.  1|  X  9.        24.  10^  X  24.    32.   10|     X  18. 

33.  Find  the  cost  of  a  dozen  cans  of  baking  powder  at 
37J  cents  a  can. 

34.  A  pail  of  mackerel  cost  2^  dollars.  Find  the  cost 
of  20  pails. 

35.  Find  the  cost  of  a  barrel  of  sugar  weighing  825 
pounds,  if  the  cost  per  pound  is  4^^. 

36.  When  starch  sells  for  8|^  a  pound,  find  the  price 
of  15  pounds  of  starch. 
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37.  When  wheat  is  79^  cents  a  bushel,  how  much  will 
164  bushels  bring  ? 

38.  Find  the  cost  of  a  75-pound  chest  of  Hyson  tea  at 
42 J  ^  per  pound. 

39.  If  a  dozen  cakes  of  yeast  cost  42|^,  find  the  cost  of 
9  dozen  cakes  of  yeast. 

40.  Pepper  sfeUs  for  14|^  a  pound.  Find  the  cost  of  2 
bags,  each  containing  120  pounds. 

41.  A  pound  package  of  chocolate  costs  31 J  ^.  Find 
the  cost  of  25  such  packages. 

42.  A  square  rod  equals  30  J  square  yards.  Reduce  160 
square  rods  to  square  yards. 

43.  A  link  of  a  surveyor's  chain  is  7|f  inches.  If  the 
chain  contains  100  links,  how  many  inches  long  is  the 
chain  ? 

44.  When  silk  sells  at  f  J^  a  yard,  what  is  the  cost  of 
14  yards  of  silk  ? 

45.  A  degree  on  a  meridian  of  the  earth's  surface  is 
about  69^^  miles.  How  many  miles  are  in  15  degrees? 
In  40  degrees  ? 

46.  A  person  fails  for  $9800.  His  creditors  receive  $| 
on  every  dollar  that  he  owes.  How  much  in  all  do  they 
receive  ? 

47.  A  mass  of  copper  and  lead  weighs  2240  pounds. 
^  of  the  mass  is  copper.  How  much  copper  and  how 
much  lead  is  in  the  mass  ? 

48.  A  man  invests  $2300.  At  the  end  of  a  year  his 
gain  is  ^  of  his  investment.  Find  his  gain  and  the  value 
of  the  investment  at  the  end  of  the  year. 
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49.  A  clerk  gets  a  salary  of  t900  a  year.  He  spends  J 
of  his  salary.     How  much  does  he  spend  ? 

50.  A  stenographer  gets  a  salary  of  150  a  month,  and 
spends  each  month  $88|.  How  much  will  he  save  in  a 
year  ? 

51.  A  mass  of  coal  contains  i^  carbon.  How  much 
carbon  is  in  2240  pounds  of  coal  ? 


119.  Example  1.     Find  f  of  \. 

M  II  I  II  I  II  I  II 


*of^ 


++ 


++ 


Take  a  line  AB.  \ 

Divide  it  into  7  equal  parts.  Subdivide  each  of  these 
parts  into  3  equal  parts.  We  shall  then  have  21  sub- 
divisions in  all.  One  of  these  subdivisions  will  be  equal 
to  2^  of  ^S. 


Hence,  J  of  |  =  ^-^^ 
therefore  J  of  ^^  =  g^, 
therefore     f  of  |^  =  j^. 

In  a  similar  manner 
we  should  find 


Or,    fof  t  =fof  J2, 

therefore     |  of  \\  =  ^-^^ 
therefore     J  of  ^  =  ^^, 


Example  2.   What  is  the  product  of  |  multiplied  by  |  ? 

We  know  from  §  117,  f  x  4  =  |.  If  our  multiplier, 
instead  of  being  4,  were  |  of  4  or  |,  we  should  naturally 
expect  the  product  to  be  ^  of  the  previous  result. 

Hence,  ix^  =  ^  of  f  =  /f. 

8      2x4 


But 


21     8x7* 
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The   result   of   multiplying   a   fraction   by  a   fraction    is 

another  fraction  whose  numerator  is  the  product  of  the 
numerators  of  the  two  fractions,  and  whose  denominator 
is  the  product  of  the  denominators  of  the  two  fractions. 
Notice  also  |  of  ^  is  equivalent  to  |^  x  ^. 

120.   Example  3.     Find  the  product  of  f,  f ,  ^.     Find 

first  the  product  of  -,  -.     -  x  -  =  - — =•     Then  multiply 
o    1      o      7      o  X  T 

this  product  by  -^j. 

2x2^3_2x2x3      12 


5x7     11     5  X  7  X  11     385 

To  find  the  continued  product  of  several  fractions,  find 
the  product  of  the  numerators,  find  the  product  of  the 
denominators ;  write  the  first  result  as  numerator  of  the 
final  product,  and  the  second  result  as  its  denominator. 

Another  Point  of  View 

Assuming  that  the  Associative  Law,  §  90,  is  true  in  all 
cases,  the  above  results  can  be  more  elegantly  deduced. 
Suppose  we  wish  to  find  the  product  of  |^,  J. 

f  x|  =  5x  Jx3xi  =  16x^  =  if. 

121.  Example  4.  Multiply  3|  by  2J.  Reduce  the 
mixed  numbers  to  improper  fractions  and  then  proceed  as 
in  the  previous  exercises. 

Note.  Multiplication  has  been  already  defined  as  the  process  of 
taking  a  number  a  given  number  of  times.  To  take  f ,  }  of  a  time  as 
addend  is  absurd.  The  term  multiplication  now  takes  on  an  additional 
meaning.  To  multiply  by  f  means  to  take  the  fourth  part  of  the 
multiplicand  and  afterwards  to  multiply  this  result  by  3.  The  authors 
are  of  the  opinion  that  a  formal  definition  of  multiplication  is  as  yet 
too  difficult  for  the  beginner  to  understand. 
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EXERCISE  S3  (Written) 
Multiply : 

1.  J,  f  15.  ^,  Jf,  ^.  29.   7i,  7J,  ^. 

2.  i,  |.  16.    1^,  M.  If  30-    ^i'  3i'  2^- 

3.  f  i^.  17.    H,  ^\,  If.  31.    5J,  5J,  ^. 

*.  h  A-  18-  H'  ii'  if-         32-  7|'  %  U- 

5.  I,  H-  "•  h  h  iA-  33.  H,  ^,  |. 

6-  l^J.  M-  20.  f,  I,  H*.  34.  7|,  1|,  If. 

7.  if,  f|.  21.  If  If.  35.  ^,  4^,  3f . 

8.  H'  ^.  22.  li,  IJ,  H.  36.  H,  li,  f 

9.  ^,  ^^.  23.  2|,  ^,  |.  37.  20J,  20|. 
10.  if,  H-  «•  3f ,  ^,  f.  38.  4^,  5J,  1^. 
n-  M'  ^'f •  25.  2f,  2|,  ^.  39.  6i,  H,  i^. 

12-    H .  i^l-  26.    1\,  1|,  H.  40.    2|,  1^,  ^. 

13.    f  ^,  A-  27.    2|,  8f,  f^.  41.    2f  8f,  ll^i^. 

"'  i'  H'  H'         28.  4^,  2f,  f|.  42.  6|,  4|,  13^. 

43.  Find  the  value  of  63^  acres  of  land  a.t  $55j^  an  acre. 

44.  Find  the  cost  of  12J  pounds  of  meat  at  15J  cents 
per  pound. 

45.  Find  the  price  of  4J  bushels  of  wheat  at  81^  cents 
per  bushel. 

46.  A  speculator  buys  10,000  bushels  of  wheat  at  79| 
cents  per  bushel  and  sells  it  when  wheat  is  81^  cents  per 
bushel.     Find  his  profit. 

47.  Coal  cost  $9J  a  ton.     Find  the  price  of  5J  tons. 
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48.  A  man  travels  3|  miles  an  hour.  At  this  rate  how 
far  would  he  travel  in  3|  hours  ? 

49.  A  train  runs  at  the  rate  of  37^  miles  an  hour.  How 
far  will  it  go  in  3f  hours  ? 

50.  A  house  is  valued  at  $3500.  It  is  insured  for  |  of 
its  value.     How  much  is  it  insured  for  ? 

51.  Find  the  cost  of  2500  barrels  of  Beaumont  oil  at 
26|  cents  a  barrel. 

52.  A  ton  of  hay  cost  $  6. 75.     Find  the  price  of  6|  tons. 

DIVISION 

There  are  three  symbols  to  indicate  division.     Thus, 

(a)17-h4,    (6)J^,    (c?)17:4, 

all  indicate  that  17  is  to  be  divided  by  4.  The  indicated 
division  in  (J)  is  called  a  fraction.  That  in  (c)  is  called 
a  ratio. 

122.  By  the  ratio  of  one  number  to  another  is  meant 
the  quotient  of  the  first  number  divided  by  the  second 
number. 

Ratio  is  generally  defined  as  the  mutual  relation  of  two 
magnitudes  of  the  same  kind  with  respect  to  quantity. 
This  definition  is  borrowed  from  Euclid,  a  celebrated 
Greek  writer  on  geometry,  who  lived  about  2200  years 
ago.  To  a  beginner  it  conveys  no  definite  meaning. 
Nowadays  we  represent  all  magnitudes  by  numbers.  A 
ratio  is  simply  a  quotient. 

123.  Example  i.  Divide  23  by  7.  This  problem  might 
be  stated  in  another  way.  What  is  |  of  23  ?  But  \  of 
23  =  ^  X  23.  Hence  we  can  divide  by  7  by  multiply- 
ing by  \. 
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Example  2.     Divide  f  by  ^. 

If  we  multiply  dividend  and  divisor  by  the  same  num- 
ber, the  quotient  remains  the  same.  Multiplying  by  the 
L.  C.  M.  of  the  denominators,  we  have : 

I  X  35  =  3  X  7. 

^  X  35  =  5  X  4. 

3x7 
Hence  the  quotient  is  - — -  =  |^  =  1^1^. 

3x7     3      7 

Since =  -  x  -r,  the  quotient  can  be  readily  ob- 

o  X  *±      o      4 

tained  by  inverting  the  terms  of  the  divisor  and  multiply- 
ing. By  inverting  we  mean  writing  the  numerator  in 
place  of  the  denominator,  and  the  denominator  in  place 
of  the  numerator. 

124.  To  divide  by  a  fraction,  invert  the  terms  of  the 
divisor  and  then  proceed  as  in  multiplication. 

To  divide  by  an  integer,  multiply  the  dividend  by  the 
fraction  having  1  for  numerator  and  the  integer  for 
denominator. 

Another  Method 

1-^4  =  ^. 

If  the  divisor  is  |  of  4,  the  quotient  will  be  7  times  as 
great  as  when  the  divisoi*  is  4. 

Hence,        |^  j  of  4  =  7  x  ^  =  fj  =  l^V 
EXERCISE  54  (Written) 


Divide : 

1.  f  by4. 

4.  f  by  7. 

7.  -^  by  6. 

2.  \  by  5. 

5.  ^  by  10. 

8.  \^  by  20, 

3.  fby6. 

6.  -^  by  6. 

9.  A  by  12. 
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10.  ^  by  24. 

35.  Iby^. 

60.  f  by  ^. 

11.  il  by  27. 

36.  Iby^. 

a.  f  by  ^. 

12.  f^  by  16. 

37.  3|  by  10. 

62.  ^  by  ^. 

13.  3«^byl2. 

38.  2Jby8. 

63-TVbyi|. 

14.  ^  by  16. 

39.  3|by8. 

64.  Sbyf 

15.  {^  by  16. 

40.  4^  by  14. 

65.  T^  by  ^. 

16.  ^  by  26. 

41.  5^  by  21. 

66-  ^by^. 

17.  \i  by  21. 

42.  9,^  by  46. 

67.  AbyH- 

18.  Jl  by  86. 

43.  9^by7T. 

68.  22||^  by  8. 

19.  12byf 

44.  9^  by  46. 

69.  4|by9. 

20.  14byf 

45.  16|  by  68. 

70.  ^  by  1|. 

21.  16  by  f 

46.  18^  by  26. 

71.  3|by2^. 

22.  18byf. 

47.  17^  by  76. 

72.  4|  by  9f 

23.  21  by  |. 

48.  10^  by  48. 

73.  7iby3J. 

24.  26  by  f . 

49.  9^  by  52. 

74.  43V  by  17J. 

25.  26by|. 

50.  9335-by76. 

75.  3Jbyf 

26.  26  by  ^. 

51.  8J  by  15. 

76.  1  by  4|. 

27.  33  by  ^. 

52.  7^1^  by  80. 

77.  1  by  7f 

28.  40  by  ^. 

53.  6^  by  50. 

78.  Iby9f 

29.  60by|. 

54.  8|by46. 

79.  10|by2f. 

30.  llbyf 

55.  ,1^  by  f . 

80.  14|byiy. 

31.  1  by  J. 

««•  i  by  ^. 

a.  Hbyi,^. 

32.  1  by  |. 

57.  T^by^. 

82.  Hbyl^. 

33.  Iby^. 

58.  i  by  |. 

83.  9^  by  11^, 

34.  1  by  ^. 

59.  1  by  J. 

84.  7|by4i. 
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EXERCISE  55  (Written) 

1.  What  is  the  ratio  of  6  inches  to  12  inches? 

2.  What  is  the  ratio  of  1  foot  to  1  yard  ? 

3.  What  is  the  ratio  of  1  square  foot  to  1  square  yard  ? 

4.  There  are  30J  square  yards  in  1  square  rod.    What 
is  the  ratio  of  1  square  yard  to  1  square  rod  ? 

5.  What  is  the  ratio  of  3  weeks  to  10  days  ? 

6.  What  is  the  ratio  of  1  hour  to  1  minute  ? 

7.  What  is  the  ratio  of  4  days  to  15  hours  ? 

8.  What  is  the  ratio  of  325  to  100  ? 
Find  the  values  of  the  following  ratios : 


9.    2 

■h 

IS.  6   , 

•  f 

21.    3| 

■    2f 

27.    10|- 

•7f 

10.  3 

■■i- 

16.    2^ 

:    3|. 

22.    4 

31J. 

28.    7^ 

H- 

11.  4 

h 

17.    7^ 

;21|. 

23.    5i 

n- 

29.      4J. 

7f 

12.    4 

1- 

18.    6f 

4|- 

24.    4^ 

■'  H- 

30.      7| 

•^^ 

13.    5 

h 

19.    9f 

n- 

25.    6| 

H- 

31.      8^, 

If 

14.    7 

•f 

20.    3| 

5|- 

26.    ^ 

■■  H- 

32.    6^; 

4|- 

125.  Example  l.  Find  the  price  of  2000  pounds  of 
wheat  at  84  ^  a  bushel. 

To  solve  this  question  there  are  two  steps  to  take. 

Step  1.  Find  the  number  of  bushels  by  dividing  the 
number  of  pounds  by  the  number  of  pounds  in  one  bushel. 

Step  2.  Multiply  the  price  of  one  bushel  by  the  num- 
ber of  bushels. 


Solution.     Number  of  bushels  = 


2000 


60 
14 

Price  of  the  wheat  =  84^  x  2000^^x2000 

60  ^ 

s2800}2^=»$28. 
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126.  Example  2.      Three-fifths   of  a  man's  money  is 
$2437.     How  much  money  has  he  ? 
f  of  his  money  =  *  2437. 

$2437 


^  of  his  money  =  ■ 


3 


fi    f  , .  $2437      .     $2437  x  6 

I  of  his  money  =:^—^ —  x  5  =  - — 
o  o 

=  ^^iy^  =  $4061.66$. 

Hence,  his  money  =  $4061.67  (to  nearest  cent). 

This  method  of  solving  a  problem  is  known  as  the 
analytical  method.  It  is  called  also  the  unit  method 
because  the  value  of  the  unit  of  the  quantity  under  con- 
sideration is  first  sought  and  from  this  the  value  of  any 
number  of  units  is  then  obtained. 

Another  Method 

^  X  amount  of  money  =  $2437.  Here  we  have  the 
product  of  two  factors  together  with  one  of  the  factors. 
Hence,  amount  of  money  =  $2437  -s-  f . 

EXERCISE  56  (Written) 

1.  Find  the  price  of  78  acres  of  land  if  26  acres  are 
worth  $1375. 

2.  When  18  pounds  of  sugar  sell  for  $1,  find  the  cost 
of  46  pounds. 

3.  When  7  bushels  of  wheat  sell  for  $6.96,  how  much 
can  a  person  get  for  266  bushels  ? 

4.  If  6  bushels  of  barley  sell  for  $2,  how  much  will 
343  bushels  sell  for  ? 

5.  If  6  barrels  of  flour  are  sold  for  $46,  at  this  rate 
how  much  will  84  barrels  sell  for  ? 
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6.  Seven  barrels  of  pork  sell  for  #80.50.     Find  the 
cost  of  50  barrels  of  pork. 

7.  Nine  barrels  of  salt  cost  |lll.70.     Find  the  cost  of 
19  barrels  of  salt. 

8.  Eleven  bushels  of  oats  are  sold  for  $4.51.     Find 
the  value  of  168  bushels. 

9.  Six  barrels  of  lard  bring  f  115.     How  much  will 
46  barrels  bring  ? 

10.  When  7  yards  of  sheeting  cost  50  ^^  find  how  much 
must  be  paid  for  98  yards. 

11.  Six  yards  of  cambric  sell  for  75^.    How  much  must 
be  given  for  34  yards  of  cambric  ? 

12.  Four  yards  of  flannel  cost  il.l6.     How  much  will 
29  yards  of  flannel  cost  ? 

13.  Eight  yards  of  gingham  cost  60  ^.     How  much  will 
103  yards  cost  ? 

14.  Nine  yards  of  cotton  fabric  cost  75  ^.     How  much 
will  69  yards  cost  ? 

15.  Six  yards  of  cotton  cheviot  cost  $1.     How  much 
will  81  yards  cost  ? 

16.  Five-eighths  of  a  man's  money  is  $75.     How  much 
money  has  he  ? 

17.  Three-fourths  of  the  length  of  a  pole  is  81  feet. 
Find  the  length  of  the  pole. 

18.  The  eighth  and  the  twelfth  of  a  number  are  15. 
What  is  the  number  ? 

19.  A  dealer  sold  \  of  his  coal  and  had  170  tons  left. 
How  many  tons  had  he  at  first  ? 

20.  The  fourth  part  and  the  sixth  part  of  a  number  are 
26.     What  is  the  number  ? 
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21.  A  man  spends  \  of  his  money  and  has  left  $842. 
How  many  dollars  had  he  at  first  ? 

22.  A's  money  is  If  times  B's  money.  If  A  has  $120, 
how  much  money  has  B  ? 

23.  Three-eighths  of  an  estate  was  left  to  A,  |-  of  it  to 
B,  and  the  remainder,  amounting  to  91400,  to  C.  What 
was  the  value  of  the  estate  ?    Find  A's  share  and  B's  share. 

24.  A  man  bequeaths  \  of  his  property  to  his  son,  -J  to 
his  daughter,  and  the  remainder,  amounting  to  $2400,  to 
his  widow.     Find  the  value  of  the  property. 

25.  After  gaining  one-fourth  of  his  outlay,  a  person  is 

worth  $5476.     Find  his  outlay. 

26.  If  1^  of  a  farm  contains  285  acres,  how  many  acres 
are  there  in  ^  of  the  farm  ? 

27.  Three-eighths  of  an  investment  is  $1260.  Find  ^ 
of  the  investment. 

28.  A  sum  of  money  is  divided  between  A  and  B.  A 
gets  |,  B  I  of  the  money.     If  A  gets  $900,  find  B's  share. 

29.  After  ^  of  his  marbles  are  lost,  a  boy  has  15  left. 
How  many  had  he  at  first  ? 

30.  If  -^  of  a  yard  of  satin  is  worth  $1,  find  the  price 
of  8  yards. 

EXERCISE  57  (Written) 

REVIEW 

1.  By  how  much  does  J  exceed  J  ? 

2.  Reduce  to  an  improper  fraction  94|^. 

3.  Which  is  the  greatest  and  which  is  the  least,  -I?  ^i  {  ? 

4.  If  a  man  spends  ^,  -I,  -^  of  his  money,  what  part  of 
his  money  has  he  left  ? 
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5.  A  clerk  gets  a  salary  of  $65  a  month.     If  he  spends 
^  of  his  salary,  how  much  does  he  save  in  a  year  ? 

6.  Find  the  value  of  |  of  f  of  285. 

7.  From  the  sum  of  1|  and  1|  take  their  difference. 

8.  What  number  divided  by  1 J  gives  as  a  quotient  ^  ? 

9.  How  often  is  |  of  a  yard  contained  in  12  yards  ? 
10.   What  must  be  added  to  3|  to  give  6|  ? 

u.   What  is  the  ratio  of  1 J  to  |  ? 

12.  What  is  the  ratio  of  If  yards  to  7  feet  ? 

13.  A  number  is  multiplied  by  1|^,  and  the  product  is 
4^.     Find  the  number. 

14.  What  number  divided  by  1^  gives  16|-  for  a 
quotient  ? 

15.  Reduce  |i  f?  5^  to  fractions  of  the  same  denomina- 
tion. 

16.  Add  9^  to  I  of  13|. 

17.  A  man  spends  ^  of  his  money  on  board,  and  J  of  it 
on  lodging.     He  saves  $376.     Find  his  income. 

18.  It  takes  2^  yards  to  make  a  coat.  How  many  coats 
can  be  made  out  of  a  piece  of  cloth  containing  60^  yards  ? 

19.  A,  B,  ana  C  own  a  cotton  press.  At  the  end  of  a 
year  A  got  J  the  profits,  B  |,  and  C  the  remainder,  which 
amounted  to  $6751  Find  A's  and  B's  respective  shares 
of  the  profits. 

20.  A  and  B  enter  into  business  as  partners.  A  gets 
•^  of  the  profits,  B  gets  the  remainder,  amounting  to  $810. 
Find  A's  share  of  the  profits. 

21.  A  man  spends  ^,  ^,  and  ^  of  his  money,  and  has  left 
$440.     How  much  had  he  at  first  ? 
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22.  Two-thirds  of  a  city  lot  is  valued  at  1840.  Find 
the  value  of  the  lot.     Find  also  the,  value  of  |  of  the  lot. 

23.  If  1 J  acres  of  pasture  will  graze  5  sheep,  how  many- 
sheep  will  28J  acres  of  this  land  graze  ? 

24.  When  f  of  a  ton  of  coal  costs  i6|,  what  will  11 
tons  of  this  kind  of  coal  cost  ? 

25.  If  1^  dozen  eggs  sell  for  40^,  find  the  selling  price 
of  24  dozen. 

26.  I  can  buy  If  acres  of  timber  land  for  $80.  If  I 
buy  74  acres  of  this  land,  how  much  will  it  cost  ? 

27.  How  many  pounds  of  tea,  at  66|^  per  pound,  can 
be  bought  for  1  ten-dollar  bill  ? 

28.  A  person  buys  6f  yards  of  silk  at  $1.20  per  yard, 
and  8|  yards  of  cloth  at  96^  per  yard.  How  much  does 
his  bill  amount  to  ? 

29.  Find  the  difference  between  the  greatest  and  the 
least  of  the  fractions  |,  ^|,  |,  fj.  Find  also  the  difference 
between  the  other  two. 

30.  How  long  will  it  take  a  person  to  walk  12J  miles, 
if  he  walks  at  the  rate  of  8^  miles  an  hour? 

31.  A  train  travels  at  the  rate  of  Sl^  miles  an' hour. 
How  long  will  it  take  it  to  go  898|  miles  ? 

32.  In  ^  of  a  pound  avoirdupois  there  are  4666^  grains. 
How  many  grains  are  in  5J  pounds  avoirdupois  ? 

33.  In  one  ounce  avoirdupois  weight  there  are  437^ 
grains.  How  many  grains  are  in  ^  of  a  pound  avoirdu- 
pois ?     (16  ounces  =  1  pound.) 

34.  How  many  minutes  would  it  take  to  count 
100,000,000,  if  one  can  count  500  in  4  minutes? 

35.  How  long  will  it  take  a  person  to  walk  6280  feet,  if 
he  takes  120  steps  of  2J  feet  eaph  minute  ? 
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36.  The  polar  diameter  of  the  earth  is  41,709,790  feet. 
Reduce  this  to  miles.     (1760  yards  =  1  mile.) 

37.  Subtract  f  f  from  f^.     Give  your  answer  in  cents. 

38.  Subtract  $|  from  $^.     Give  your  answer  in  cents. 

39.  Find  the  difference  in  feet  between  1|  yards  and  2| 
yards. 

40.  What  is  the  smallest  sum  of  money  which  exactly 
contains  10^,  15^,  24^? 

41.  What  is  the  smallest  sum  of  money  which  exactly 
contains  12^,  18^,  8^? 

42.  Find  the  sum  of  J  of  $10  and  J  of  $17.28.  Give 
your  answer  in  dollars  and  cents. 

43.  Telegraph  poles  are  58|  yards  apart.  A  train 
passes  20  of  them  in  1  minute.  How  long  will  it  take  the 
train  to  go  1  mile  ?     (1  mile  =  1760  yards.) 

44.  A  bicycle  wheel  in  one  revolution  goes  7J  feet. 
How  many  revolutions  will  it  make  in  going  1  mile  ? 

45.  If  the  price  of  a  duck  is  -^  of  the  price  of  a  turkey, 
and  ducks  sell  for  $1.25  a  pair,  find  the  price  of  a  turkey. 

46.  One-fortieth  part  of  the  weight  of  sea  water  is  salt. 
Find  the  weight  of  sea  water  which  will  yield  1|  tons  of 
salt. 

47.  In  a  pound  Troy  there  are  5760  grains,  and  in  a 
pound  avoirdupois  there  are  7000  grains.  How  many 
pounds  avoirdupois  are  there  in  17 J  pounds  Troy  ? 

48.  How  much  will  40  men  earn  in  30  days,  if  3  men 
earn  $  8  in  one  day  ? 

49.  Coal  is  bought  for  $5J  a  ton,  and  sold  at  $8J  a  ton. 
Find  the  profit  made  in  selling  240  tons. 

50.  If  coal  is  bought  at  $6|  a  ton,  and  sold  at  $8^  a 
ton,  how  many  tons  must  be  sold  to  make  a  profit  of  $245  ? 
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51.  How  many  yards  in  1024  meters  ?  (82  meters  = 
85  yards*) 

52.  How  many  minutes  in  7^  hours  ? 

53.  If  I  of  a  pound  of  meat  cost  12/^,  find  the  price  of 
8|  pounds  of  meat. 

54.  If  J  of  a  yard  of  carpet  cost  50^,  find  the  price  of 
&J  yards  of  the  carpet. 

55.  A  bankrupt's  debts  amount  to  $8750,  and  his  assets 
amount  to  9(2150.  How  many  cents  can  he  pay  on  every 
dollar  of  debt  ? 

56.  Find  the  price  of  6720  pounds  of  wheat  at  88^  a 
bushel.     (60  pounds  =  1  bushel  of  wheat.) 

57.  Find  the  value  of  40  sacks  of  wheat,  118  pounds  to 
the  sack,  at  78^  a  bushel. 

58.  A  man's  property  is  assessed  at  $3260.  If  he  pays 
taxes  on  this  sum  at  the  rate  of  1|^  on  every  dollar,  how 
much  taxes  does  he  pay  ? 

59.  Find  the  product  of  the  sum  and  difference  of  the 
fractions  |,  ^. 

60.  Three  bells  toU  at  intervals  of  8,  4,  10  seconds.  If 
they  begin  to  toll  together,  after  how  many  seconds  will 
they  again  toll  together  ? 

REVIEW  QUESTIONS 

1.  Give  the  derivation  of  fraction. 

2.  Give  two  definitions  of  a  fraction. 

3.  Explain  the   terms    numerator^    denominaUr^    and 
fractional  unit. 

4.  What  is  the  distinction  between  proper  and  im- 
proper fractions  ? 

5.  What  is  a  mixed  number  ? 
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6.  What  are  the  terms  of  a  fraction  ? 

7.  How  would  you  show  that  ^  of  4  =  4  times  ^  of  1  ? 
&   How  are  mixed  numbers  reduced  to  improper  frac- 
tions? 

9.  How  are  improper  fractions  reduced  to  mixed  num- 
bers? 

la  How  is  a  fraction,  proper  or  improper,  multiplied 
by  an  integer  ? 

U.  What  is  the  most  important  property  of  fractions  ? 

12.  How  are  Sths  reduced  to  40ths  ? 

13.  When  is  a  fraction  in  its  simplest  form  ? 

14.  How  is  a  fraction  reduced  to  its  simplest  form  ? 

15.  Upon  what  does  the  value  of  a  fractional  unit 
depend  ? 

16.  Give  the  rule  for  the  addition  of  fractions. 

17.  How  are  mixed  numbers  added  ? 

18.  Give  the  rule  for  the  subtraction  of  fractions. 

19.  How  is  a  mixed  number  multiplied  by  an  integer  ? 

20.  How  do  you  multiply  two  fractions  ? 

21.  What  do  you  mean  by  multiplication  of  fractions  ? 

22.  Give  a  rule  for  division  of  fractions. 

23.  Define  ratio. 

2%.  What  is  Euclid's  definition  of  ratio  ? 


CHAPTER    IX 

f 

DECIMALS 

Note.  In  previous  chapters  we  have  dealt  with  the  decimal  sys- 
tem of  numeration  and  notation.  At  the  risk  of  repetition,  we  shall 
now  enter  into  a  fuller  explanation  of  the  decimal  system  of  notation, 
and  undertake  to  show  that  the  so-called  decimal  fractions  are  really 
a  part  of  our  ordinary  number  system. 

NUMERATION  AND   NOTATION 

127.  To  read  any  Integer  expressed  In  figures,  we  divide 
the  figures  into  periods  of  three  figures,  commencing  at 
the  right.  The  period  to  the  extreme  right  is  called  the 
units'  period,  the  next  period  to  the  left  is  called  the  thou- 
sands' period,  the  next  period  to  the  left  of  the  thousands' 
period  is  called  the  millions'  period,  the  next  to  the  left  is 
called  the  billions'  period,  and  so  on.  Each  period  has  its 
units',  its  tens',  and  its  hundreds'  place.  Thus  the  num- 
ber expressed  by  the  figures  1234667890  is  divided  into 
periods  1,234,567,890  and  is  read  one  billion,  two  hundred 
thirty-four  million,  five  hundred  sixty-seven  thousand, 
eight  hundred  ninety. 

The  period  in  which  1  represents  one  is  called  the  units' 
period. 

The  period  in  which  1  represents  a  thousand  is  called 
the  thousands'  period. 

The  period  in  which  1  represents  a  million  is  called  the 
millions'  period. 
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The  place  in  which  1  represents  ten  ones  ia  e«Jled  the 
tens'  place  of  the  units^  period* 

The  place  in  which  1  represents  ten^thonsands  is  eaUed 
the  tens'  place  of  the  thousands'  period* 

The  place  in  which  1  represents  ten-miUiona  is  oalled 
the  tens'  place  of  the  millions'  period. 

The  place  in  which  1  represents  one  hundred  ones  la 
called  the  hundreds'  place  of  the  units'  period. 

The  place  in  which  1  represents  one  hundred-tboumiuda 
is  called  the  hundreds'  place  of  the  thousands'  period. 

The  place  in  which  1  represents  one  hundred-millions  is 
called  the  hundreds'  place  of  the  millions'  period. 

The  figure  0  in  any  place  has  no  value. 

128.  Consider  next  the  integer  7777.  Tlie  right-hand 
digit  represents  7  ones.  The  7  in  the  second  place  has  ten 
times  as  great  a  value  as  the  7  in  the  units'  place.  Tha  7 
in  the  third  place  has  ten  times  as  great  a  value  as  tha  7  in 
the  second  place,  and  it  has  100  times  as  great  a  value  as 
the  7  in  the  units'  place.  The  7  in  the  fourth  place  has 
10  times  as  great  a  value  as  the  7  In  the  third  placa, 
100  times  as  great  a  value  as  the  7  in  the  second  place, 
and  1000  times  as  great  a  value  as  the  7  in  ttie  units' 
place. 

If  we  beg^  at  the  left,  and  consider  the  value  of  each 
digit,  we  fihaJl  find  that  the  value  of  any  7  is  one-tenth  of 
the  value  of  the  7  to  its  immediate  left.  n«  v«iu«  o#  mny 
digit  la  mnj  pdaoe  ^  w^^mjm  oam-^trnth  ct  Um  v«1«#  oi  tb#  •«»# 
difiit  writtot  te  iSie  amxt  p^moe  to  the  Mt.  71iiss  is  the  jlaw 
which  pervades  the  decimal  system  of  notation. 

UlL  How  shall  we  represent  the  tenth  part  of  a  unit  V 
We  have  already  represented  it  by  the  li^actiou  y^^.  Is 
there  another  way  to  represent  ^^  ? 
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Consider  the  number  represented  by  the  digits  11. 
This  is  eleven.  If  we  write  a  period,  called  the  decimal 
point,  after  eleven  and  another  1,  we  have  11.1.  To  be 
consistent,  this  right-hand  1  must  stand  for  -^  of  the  1 
to  its  immediate  left.  A  second  1  must  stand  for  -^  of 
the  1  to  its  immediate  left,  i.e.  -^  of  tV^T^TT*  ^^^ 
number  11.11  is  then  eleven,  one-tenth,  and  one- 
hundredth. 

Similarly  11.111  is  eleven,  one-tenth,  one-hundredth, 
and  one-thousandth.  These  numbers  are  not  generally 
read  in  this  way.  We  know  ^H-Tk  +  TuW^^i^  + 
TJ^+TAir**tWlr'  *^^  ^^^®  ^  ^®*^  ^^®  hundred  eleven 
thousandths.  We  can  get  the  same  result  in  another  way. 
Take  .111.  The  digit  in  the  third  place  is  1  thousandth. 
The  next  is  10  times  as  great  in  value,  hence  10  thou- 
sandths, the  next,  to  the  left,  is  10  times  as  great  as  the 
second,  and  hence,  100  thousandths.  Hence  .111  is  read 
111  thousandths. 

130.  Consider  next  6.6666666.  The  first  6  following 
the  decimal  point  is  6  tenths. 

The  6  in  the  second  place  to  the  right  of  the  decimal 
point  is  6  hundredths. 

The  6  in  the  third  place  to  the  right  of  the  decimal 
point  is  6  thousandths. 

The  6  in  the  fourth  place  to  the  right  of  the  decimal 
point  is  6  ten-thousandths. 

The  6  in  the  fifth  place  to  the  right  of  the  decimal  point 
is  6  hundred-thousandths. 

The  6  in  the  sixth  place  to  the  right  of  the  decimal  point 
is  6  millionths. 

The  6  in  the  seventh  place  to  the  right  of  the  decimal 
point  is  6  ten-millionths. 
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Beginning  now  at  the  right  and  writing  the  value  of 
each  figure  in  succession,  we  have 

6  ten-millionths. 
60  ten-millionths. 
600  ten-millionths. 
6000  ten-millionths. 
60000  ten-millionths. 
600000  ten-mimonths. 
6000000  teh-millionths. 
Adding,  we  get  6,666,666  ten-millionths.    Hence  we  read 
a  decimal  in  the  same  way  we  read  an  integer,  taking  care, 
however,  to  give  the  decimal  the  name  of  the  right-hand 
figure  in  it. 

131.  Read  22.234.  Twenty-two  and  two  hundred 
thirty-four  thousandths.  It  might  also  be  read:  Twenty- 
two  thousand  two  hundred  thirty-four  thousandths,  and 
in  various  other  ways. 

In  reading  numbers  and  in  writing  them  in  words  and 
should  never  appear  except  to  connect  the  integral  and 
decimal  parts  of  a  number. 

132.  Before  commencing  to  read  and  write  decimals, 
it  is  well  to  fix  firnay  in  mind  the  f oUowing  facta : 

Tenths  occupy  the  first  place  to  the  right  of  the  decimal 
point;  hundredths,  the  second  place;  thousandths,  the 
third  place;  ten-thousandths,  the  fourth  place;  hundred- 
thousaudths,  the  fifth  place;  millionths,  the  sixth  place. 


Read: 

EXERCISE  58  <Oral) 

1.    7.3. 

4.    6.821. 

7.   9.2354. 

2.   3.24. 

5.    .012. 

8.   10.2398, 

3.   4.201. 

6.    .007. 

9.    .0295. 
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10. 

.0294. 

20. 

97.02053. 

30. 

.3010102. 

11. 

12.81456. 

21. 

6.01709. 

31. 

.2320101. 

12. 

19.26378. 

22. 

.001251. 

32. 

.200011. 

13. 

18.73025. 

23. 

.002325. 

33. 

.270235. 

14. 

100.01234. 

24. 

.010267. 

34. 

.0101201, 

18. 

27.09001. 

25. 

.002304. 

35. 

1.111001. 

16. 

28.00123. 

26. 

.000305. 

36. 

2.235121. 

17. 

29.00201. 

27. 

.100102. 

37. 

1.473598. 

18. 

25.00045. 

28. 

.3000107. 

38. 

8.000101. 

19. 

84.01010. 

29. 

.2001003. 

39. 

5.001029. 

133.   Hxample  1.     Write  twenty-four  tenths. 
We  write  24  as  if  it  were  an  integer.     Tenths  occupy 
the  first  place  to  the  right  of  the  decimal  point.     Placing 

4  in  the  first  place,  we  have  2.4.  Verify  by  writing  24 
tenths  as  an  improper  fraction,  and  then  reducing  to  a 
mixed  number. 

Example  2.  Write  two  thousand  three  hundred  four 
hundredths. 

Write  2304  as  if  it  were  an  integer.  Point  ofif  two 
places  for  hundredths,  beginning  at  the  right.  We  then 
have  23.04. 

If  we  reduce  -^^  to  a  mixed  number,  we  get  23y^  = 
23.04,  a  r'esult  which  agrees  with  the  first. 

Example  3.  Write  eleven  hundred-thousandths.  We 
write  11  as  if  it  were  an  integer  and  then  point  off  five 
places,  beginning  at  the  right.  The  places  having  no 
digits  are  filled  in  with  ciphers:  .00011. 

Example  4.     Write  five  hundred  and  five  millionths. 
First  write  600,  and  then  write  6  in  the  sixth  place  for 

5  millionths.  Doing  this,  we  have  500.000005.  (See 
§131.) 
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Uxample  5.  Write  five  hundred  five  millionths.  Here 
the  number  of  units  is  505,  the  denomination  is  millionths. 
Writing  505  as  if  it  were  an  integer,  and  remembering 
millionths  occupy  the  sixth  place,  we  have  .000505, 

EXERCISE  59  (Written) 
Write: 

1.  83  hundredths.  3.    829  thousandths. 

2.  2005  thousandths.  4.    101  thousandths. 

5.  Two  hundred  three  thousandths. 

6.  Seven  hundred  and  four  thousandths. 

7.  Nine  hundred  three  thousandths. 

8.  Nine  hundred  and  three  thousandths. 

9.  Six  thousand  seven  hundred  ten-thousandths. 

10.  Six  thousand  seven  hundred  and  one  ten-thousandth. 

11.  Five  hundred  ninety  ten-thousandths. 

12.  Five  hundred  and  ninety  ten-thousandths. 

13.  Six  thousand  one  ten-thousandths. 

14.  Seven  hundred  ten-thousandths. 

15.  Seven  hundred  ten  thousandths. 

16.  Five  hundred  thousandths. 

17.  Five  hundred-thousandths. 

18.  Two  hundred  seven  hundred-thousandths. 

19.  •  Two  hundred  and  seven  hundred-thousandths. 

20.  Five  thousand  two  hundred  two  hundred-thou- 
sandths. 

21.  Six  thousand  four  hundred-thousandths. 

22.  Three  thousand  ten  thousandths. 

23.  Three  thousand  one  ten-thousandths. 

24.  Five  hundred  seventeen  ten-thousandths. 

25.  One  hundred  eleven  hundred-thousandths. 

26.  Seventy-eight  ten-thousandths. 
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27.  Ninety-one  hundred-thousandths. 

28.  One  hundred  twenty-seven  hundredths. 

29.  Twenty-four  millionths. 

30.  One  thousand  one  millionths. 

134.  Consider  the  two  numbers, 

(a)  320.12, 
(6)  3201.2. 

Both  are  expressed  by  the  same  figures  written  in  the 
same  order.  The  number  (6)  can  be  obtained  from  the 
number  (a)  by  moving  each  figure  one  place  to  the  left. 
But  moving  a  digit  one  place  to  the  left  makes  its  value 
ten  times  as  great,  and,  hence,  moving  several  digits  each 
one  place  to  the  left  makes  the  number  they  represent  ten 
times  as  great. 

The  number  (6)  can  also  be  obtained  from  (a)  by  mov- 
ing the  decimal  point  in  (a)  one  place  to  the  right.  Also 
(a)  can  be  obtained  from  (6)  by  moving  the  decimal  point 
in  (b)  one  place  to  the  left. 

To  multiply  a  number  by  10,  move  the  decimal  point  in 
the  number  one  place  to  the  right. 

To  divide  a  number  by  10,  move  the  decimal  point  in  the 
number  one  place  to  the  left. 

135.  Consider  the  numbers, 

(a)  320.12 
(6)  32,012. 

The  number  (6)  is  obtained  from  (a)  by  moving  each 
digit  in  (a)  two  places  to  the  left.  This  multiplies  each 
digit  by  100. 

(6)  may  also  be  obtained  from  (a)  by  moving  the  deci- 
mal point  in  (a)  two  places  to  the  right.  Also  (a)  from 
(6)  by  moving  the  decimal  point  two  places  to  the  left. 
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To  multiply  a  number  by  100,  move  the  decimal  point  In 
the  number  two  places  to  the  right. 

To  divide  by  100,  move  the  decimal  point  in  the  dividend 
two  places  to  the  left. 

136.  Consider  the  numbers, 

(a)  320.12, 

(6)  320,120. 
(6)  is  here  obtained  from  (a)  by  moving  each  digit  in 
(a)  three  places  to  the  left.     It  can  also  be  obtained  from 
(a)  by  moving  the  decimal  point  in  (a)  three  places  to 
the  right. 

To  multiply  a  number  by  1000.  move  the  decimal  point  in 
the  number  three  places  to  the  right. 

To  divide  a  number  by  1000,  move  the  decimal  point  in 
the  number  three  places  to  the  left. 

The  rules  for  multiplying  by  10,000,  100,000  are  left 
for  the  reader  to  determine. 

Note.  In  the  last  three  articles  <*  number  "  does  not  include  so- 
called  common  fractions. 

137.  Example  1.  Multiply  86.4  by  10,000. 

Moving  the  decimal  point  four  places,  we  have  864,000. 
Example  2.  Divide  12.3  by  100,000.     Moving  the  deci- 
mal point  five  places  to  the  left,  we  have  .000128. 

m,   ,   .    ,     ^      ^^  EXERCISE    60 

Multiply  by  10  : 

1.  120,  14.2,  .1431,  .00012,  1.7820,  .01284. 
Multiply  by  100  : 

2.  173,  172.8, 19.23,  .001287,  8654,  17.1. 
Multiply  by  1000  : 

3.  1166,  82.6,  7-123,  .93891,  .01275,  .00011. 
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Multiply  by  10,000  : 

4.  346,  34.25,  6.1739,  6.001,  .01793,  .12. 

5.  Divide  each  of  the  following  numbers  by  10,  by  100, 
by  1000,  by  10,000,  by  100,000  : 


32734 

9285.773 

3745.3 

325.298 

928.49 

1.27 

72173.5 

.326 

12.792 

.017 

99999.9 

18.326 

3728.3 

7.294 

12.7664 

.067 

1.201  ' 

.1 

.345 

Find  the  values  of  the  following 

ratios 

: 

6. 

22.3 :  .223. 

22. 

.001 :  10. 

7. 

3.74 :  .374. 

23. 

.005 :  100. 

8. 

173.2  : 1.732. 

24. 

9.265  :  926.5. 

9. 

7.3 :  .073. 

25. 

12.825 :  1232.6. 

10. 

1.25  :  .0125. 

26. 

1.684 :  153.4. 

11. 

9.28  :  .00928. 

27. 

1001 :  .1001. 

12. 

11.34  :  .01134. 

28. 

54 :  .064. 

13. 

7.04 :  .0704. 

29. 

792 :  .0792. 

14. 

100  :  .01. 

30. 

113  :  .0113. 

IS. 

1000 :  .001. 

31. 

79.28  :  .7928. 

16. 

.012  :  .12. 

32. 

6.46 :  6460. 

17. 

1.24  :  124. 

33. 

99.29  :  99,290. 

18. 

9.53 :  9530. 

34. 

7.36 :  73,500. 

19. 

7.1 :  7100. 

35. 

9.24 :  92,400. 

20. 

6.6 :  66,000. 

36. 

8.128  :  .008128. 

21. 

11.79  :  11,790. 

87. 

.04667 :  46.670. 
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ADDITION 

138.  Find  the  sum  of  3.4,  2.38,  5.005,  6.2374, 11.1. 

3.4  Write  the  numbers  so  that  units  of  the  same 

2.38  denomination  stand  in  the  same  vertical  colunm. 

5.006  Then  add  in  the  same  way  that  we  add  integers. 

6.2374  Write  the  decimal  point  in  the  sum  in  the  same 

11-1  vertical  line  with  the   decimal   points  in  the 

28.1224  addends. 

EXERCISE  61  (WHttMi) 
Add: 

1.  2.2,  .025,  37.3,  5.284,  6.294,  638.1,  77.77. 

2.  3.6,  7.12,  .839,  47.35,  39.28,  .123,  54.275. 

3.  9.28, 11.18,  .999,  39.28,  7.451,  94.354,  98.76. 

4.  12.49, 1.492,  38.75,  53.41,  98-69,  845.5,  892.9. 

5.  .009,  5.976,  40.99,  6.385,  9.278,  8.239,  64.271. 

6.  .098,  9.853, 19.47, 17.392,  28.394,  8.01,  77.47. 

7.  .285, 11.95,  29.99,  94.931,  1.732,  64.6,  78.75. 

8.  11.4, 17.5,  99.37, 15.273,  9.394,  71.8,  92.95. 
9w  1.21, 12.1,  .121,  8.295,  7.777,  68.7,  78.28. 

10.  15.9,  9.158,  91.58,  9.158,  2.298,  84.5,  .139. 

11.  98.5»  11.667,  66.66,  8.894,  9.928,  76.8,  9.859. 
»•  7T.8,  88.88,  99.99,  6.825,  7.884,  94.9, 1.798. 

SUBTRACTION 

199.  Find  the  difference  between  4001  and  1.7003. 

Arrange  the  numbers  so  that  units  of  the 

4M3UOOOO     same  denomination  stand  in  the  same  vertical 

1>7003     column.     Ciphers  may  be  inserted  after  the 

9900*2997     decimal  point  in  the  minuend.    Proceed  next 

as  in  the  subtraction  of  integers. 
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EXERCISE  62  (Written) 

Find  the  remainder  and  verify  your  answer  in  each 
case: 


1. 

7.73  -  6.78. 

14. 

10.1- 

•  7.325. 

2. 

9.29  -  8.47. 

IS. 

9.24- 

6.8481. 

3. 

6.34  - 1.96. 

16. 

8.78- 

4.4444. 

4. 

9.82  -  7.78. 

17. 

12.32  ■ 

-  5.6741. 

5. 

7.45  -  3.59. 

18. 

19.33  ■ 

-  6.2734. 

6. 

10.71  -  7.79. 

19. 

9.271  - 

-  4.3847. 

7. 

8.94  -  3.95. 

20. 

3.213 

-  .9876. 

8. 

5.012  -  2.9. 

21. 

4.321 

-  .73^1. 

9. 

10.943  -  7.97. 

22. 

5.204- 

- 1.3266. 

10. 

8.325  -  4.378. 

23. 

8.731  ■ 

-  5.4567, 

11. 

8.924  -  5.938. 

24. 

9.21- 

•  7.2349. 

12. 

7.312  -  2.7. 

25. 

7.29- 

3.4651. 

13. 

9.419  -  5.57. 

26. 

6.001  ■ 

-  6.112. 

27.  From  seven  hundred  four  thousandths  take  -  two 
hundred  five  ten-thousandths.  , 

28.  From  five  hundred  ten  thousandths  take  five  hun- 
dred ten-thousandths. 

29.  From  two  thousand  take  two  thousandths. 

30.  How  much  does  one  thousandth  exceed  one  hundred- 
thousandth  ? 

31.  Find  the  difference  between  a  hundred  and  Sk  hun- 
dredth. 

32.  From  39  tenths  take  39  thousandths. 

33.  From  100  hundredths  take  100  ten-thousandths. 

34.  How  much  must  be  added  to  one  and  five-testhe  to 
make  ten  ? 


35.  Bj  how  mneh  do«s  ITS  buzidr^ith^  ^xv>^  t7v^ 
handTed-thousandths?  What  is  the  itntio  ol  the  t^Y^I 
number  to  the  secoad? 

36.  By  how  much  does  #1  exceed  1  mill  ? 

37.  Bj  how  much  does  #2  exceed  15  mills  ? 

MULTIPIJCATION 

140.  Example  X.   Multiply  3.23  by  25. 
3.23  =  323  hundredths  (see  §  181). 
323  hundredths  x  25  =  8075  hundredttm  «  8UJ5« 

Example  2.   Multiply  3.23  by  .26, 

Since  the  multiplier  is  y^  of  25,  we  should  nuturally 
expect  3.23  x  .25  =  ^J^  of  3.23  x  25,  ^\^  of  80,7fi  ^ 
.8075. 

The  mechanical  work  of  multiplying  may  bo  porfoninnl 
as  follows : 
3.23 

.25 
1615 
646 


.8075 


Multiply  as  if  both  numbers  woro  itit(i(((irH,  H.n(l 
point  off  in  the  product,  commonoing  at  i\\{\  rl^ht, 
as  many  places  as  there  are  decimal  placoN  In  both 
multiplicand  and  multiplier. 


141.  Example  i.  Multiply  .82  by  .018. 
oQ  Here  we  point  off  flvf?  \AM'A^n, 


36  Another  Explanrttum 


.00576 

142.  To  square  a  miaib^r  mf;anM  t/i  rriiilti(>)y  i\\f^  rwiui)}*^ 
by  itself  or  to  take  the  nurnFj^rr  Iwu-a^  fw  a  t'^xor. 

To  cnbe  a  iiii»b«r  mfrfinn  to  tak^  f.h^  fiitrn^^'f  tUf^A 
times  as  a  factor. 
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NOTATION 


143.  2^  is  a  short  way  of  writing  2x2. 

2^  is  a  short  way  of  writing  2x2x2. 
2*  is  a  short  way  of  writing  2x2x2x2. 
2^  is  a  short  way  of  writing  2x2x2x2x2. 

144.  The  result  of  taking  a  number  any  number  of 
times  as  factor  is  called  a  power  of  the  number.  Thus 
7*=7x  7x7x7  =  2401. 

2401  is  the  4th  powQr  of  7. 

The  4  written  to  the  right  of  7  and  slightly  above  it 
is  called  the  index  or  exponent  of  the  power. 

EXERCISE  63  (Written) 

1.  Find  .04  of  $108;  .05  of  $274;  .06  of  $720;  .07  of 
$144. 

2.  Find  .09  of  $34.60;  .3  of  $75.30;  .08  of  $76.80; 
.07  of  $84.70. 

3.  Find  .4  of  $  29.76;  .6  of  $69.48;  .6  of  $68.32;  .1 
of  $328.60. 

4.  Find  .126  of  $80.80;  .76  of  $54;  .6  of  $300.60; 
.25  of  $98.84. 

5.  Find   .626  of   $688;    .876   of  $792.80;    .376  of 
$900.80. 

6.  Find  .376  of  84  acres;  .0626  of  64  actes;  .3126  of 
96  acres. 

7.  Find.lof  .1;  .3  of  4;  .3of  .3;  .01  of  .2;  .01  of  1.2. 

8.  Multiply  27.9  by  18.  12.  Multiply  26  by  .017. 

9.  Multiply  1327  by  1.6.         13.  Multiply  37.5  by  .07. 

10.  Multiply  3927  by  .46.         14.  Multiply  11.9  by  2.4. 

11.  Multiply  120.01  by  8.6.     15.  Multiply  182,54  by  1.49. 
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16.  Multiply  .286  by  1.96-        27.  .901  x  .iHU    »  ? 

17.  Multiply  92.24  by  2.7.        SB.  .808  x  .SOS   *  ? 
la.    .148x1.15=?  29.  .693xaH>S   -? 

19.  .82  x    .61  =  ?  30.  .Ix.lx-l  ^'f 

20.  1.876  X    .32  =  ?  31.  .8x.8x.8  -? 

21.  1.78x1.89  =  ?  32.  .4x.4x.4  -? 

22.  18.24  X    .96  =  ?  33.  .7x.7  X.7  1? 

23.  1.18  X  .1696  =  ?  34.  1.04  X  1.04  x  l.O.J  -  / 

24.  .97  X  .97     =  ?  35.  1.06  X  1.06  x  1.0(1  ^  7 

25.  .68X.68     =?  36.1.08x1.08x1.08-? 

26.  .373  X  .373   =  ?  37.     .26  x    .26  x    .26  -  ? 

38.   The  composition  of  coal  mined  in  tlio  Ka^lo  Vhhh 
Coal  Field,  Texas,  is  given  as  follows : 

Moisture  =  .001  of  the  mnm. 

Combustible  matter  =  .3308  of  the  mnm. 
Fixed  carbon  =  .4009  of  tho  mum, 

,  Ash  =  ,1743  r/f  thft  mnm. 

Find  the  amount  of  momar^f  f'jmi}mHtlhU'.  tftHiUrff  t^i^,,^ 
in  112  iao»  of  this  coaL     Oier;k  jonr  AUAWf^r, 

39l   a  piece  of  cioal  tsskffn  from  U,f.  mlrn^  p^ty  (U^a  l^,y^ 
Or^oiv  had  the  fcoLlo-wiri^  f:r,r:.o^,»k\Uori ; 

ComJbuHCLr-;it»'  mar,nr*T«.l'i^  <'A  v»<<;  r/.A^. 
AaSi  iss^,  '.4r>  \i  rr,t*  ,\\;^>t 
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40.  .7645  of  the  asphalt  found  in  West  Virginia  is  com- 
posed of  carbon,  .0783  is  hydrogen,  .1346  is  oxygen,  and 
the  remainder  is  ash.  How  much  of  each  constituent  is  in 
254  tons  of  asphalt  ?     Check  your  answers. 

41.  .7217  of  the  asphalt  found  in  Oregon  is  composed 
of  carbon,  .079  of  hydrogen,  .1461  of  oxygen,  and  the 
remainder  of  ash.  Find  the  amount  of  each  in  385  tons 
of  asphalt.     Check  your  answer. 

42.  Multiply  the  square  of  14  by  .7854. 

43.  The  area  of  the  surface  of  a  sphere  is  obtained  by 
multiplying  the  square  of  the  diameter  by  8.1416.  Find 
the  area  of  the  surface  of  the  earth,  taking  the  diameter 
to  be  7920  miles.  Compare  your  answer  with  the  area 
given  in  your  geography. 

44.  The  moon  is  nearly  2200  miles  in  diameter.     Find  . 
the  area  of  its  surface  in  square  miles. 

45.  The  velocity  of  the  earth  in  its  orbit  is  18.5 
miles  per  second.  How  far  does  it  go  in  1  minute? 
In  l.hour? 

46.  A  hurricane  moves  at  the  rate  of  146.6  feet  per 
second.    How  far  does  it  travel  in  1  minute  ?    In  1  hour  ? 

47.  One  meter =39.3704  inches.  Find  in  inches  the 
difference  between  64  meters  and  70  yards. 

DIVISION 

145.  Before  undertaking  Division,  it  may  be  well  to 
lay  stress  on  the  fact  that  numbers  in  the  decimal  system 
of  notation  may  be  read  in  as  many  ways  as  we  please. 
Thus,  32.25  may  be  read,  (a)  32  and  25  hundredths; 
(S)  3225  hundredths ;  (c)  82250  thousandths ;  (d)  822500 
ten-thousandths;  (e)  322.5  tenths;  (/)  8.226  tens. 
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146.  JExamplei.     Divide  1.298  by  8. 

ftM  9Q^000  ^  ^^^  ^^  ^^®®  ^  ^™®  ^^^'^  remainder  4. 
'iQ-iflo"  Write  1  in  the  quotient  in  the  same  column 
with  2,  because  8  into  12  tenths  gives  1 
tenth.  8  into  49  goes  6  times  with  remainder  1 ;  8  into 
13  goes  1  time,  remainder  5;  8  into  50  goes  6, times, 
remainder  2 ;  and  so  on. 

Sample  2.     Divide  .01234  by  4. 

^\' ^      The  work  calls  for  no  explanation. 

.008086  ^ 

.^     . ,  .    EXERCISE  64  (Written) 

Divide : 

1.  73.21  by  8.  9.  8.218  by  7.  17.  5.472  by  6. 

2.  3.45  by  4.  lo.  8.942  by  6.  18.  8.2548  by  9. 

3.  19.362  by  6.  ii.  6.475  by  7.  19.  .34794  by  9. 

4.  1.791  by  9.  12.  9.143  by  8.  20.  .67356  by  9. 

5.  4.564  by  5.  13.  .1234  by  5.  21.  .999999  by  7. 

6.  3.927  by  8.  14.  .73206  by  6.  22.  7.3745  by  7. 

7.  .015  by  5.  15.  1.1466  by  7.  23.  6.2676  by  6. 

8.  8.846  by  6.  16.  6.2751  by  8.  24.  1.7346  by  7. 

147.  Find  the  difference  between  .07858  and  .078; 
also  find  the  difference  between  .07858  and  .079. 

Hence  .07858  is  nearer  to  .079  than 

.07868        .07900     it  is  to  .078.    If,  therefore,  we  are 

.078  .07858     asked  to  give  the  value   of   .07858 

.00058        .00042      correct  to  three  figures,  we  write  for 

answer  .079. 

Express  .73948  correct  to  three  figures.     Arts.  .739. 

Express  .25764  correct  to  three  figures.     Arts.  .258. 

Whenever  we  are  asked  to  give  a  decimal  correct  to 
any  number  of  figures,  discard  the  remaining  figures  if 
the  first  one  of  them  is  less  than  5 ;  if  it  is  5  or  more  than 
6,  increase  the  last  figure  by  1. 
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148.   Uxample  1.    Divide  .0732  by  .8. 

Make  the  divisor  an  integer  by  moving  the  decimal 
point  one  place  to  the  right.  Make  a  corresponding 
change  in  the  dividend.  This  change  is  equivalent  to 
multiplying  divisor  and  dividend  by  10.  Making  this 
change,  we  have :  g>^  ^^ggo 

.0915 

Uxample  2.     Divide  12  by  .125. 

Moving  the  decimal  point  in  the  divisor  and  in  the  divi- 
dend three  places  to  the  right,  i.e.  multiplying  each  by 
1000,  we  have  ^^ 

,  125)12000 

1125 
750 
750 


Example  3.     Divide  3.274  by  6.25. 
Moving  the  decimal  points  two  places  to  the  right,  we 
have  523 

625)327.400 
3125 
1490 
1250 
2400 
1875 
525 

The  quotient  correct  to  three  figures  is  .524,  because 
the  next  figure  is  obviously  more  than  5. 

"Whenever  the  di^sor  Is  a  decimal,  make  It  an  integer  by 
moving  the  decimal  point  to  the  right.  Make  a  correspondln|; 
change  in  the  dividend.     After  doing  this,  proceed  in  exactly 
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tbe  same  manner  as  "we  have  done  in  long  divieion  of  integera. 
Write  the  decimal  point  in  the  quotient  in  the  same  vertical 
line  with  the  decimal  point  in  the  dividend  transformed. 

EXERCISE  65  (Written) 


Divide  : 

1. 

2.34  by  .8. 

26. 

5  by  .004. 

2. 

.012  by  .6. 

27. 

.1  by  .0001. 

3. 

3.475  by  .4. 

28. 

.04  by  .0008. 

4. 

1.2348  by  .6. 

29. 

.32  by  .00128. 

5. 

.1798  by  .5. 

30. 

.45  by  .0018. 

6. 

3.144  by  1.2. 

31. 

.078  by  .00312. 

7. 

5.96  by  1.6. 

32. 

.067  by  .0268. 

8. 

3.2903  by  1.3. 

33. 

.01  by  .8. 

9. 

.27  by  .2. 

34. 

.002  by  1.6. 

10. 

5.376  by  1.6. 

35. 

.018  by  45. 

11. 

9.4851  by  1.5. 

36. 

.54  by  81. 

12. 

3.2  by  6.4. 

37. 

.243  by  1.944. 

13. 

20  by  .5. 

38. 

.216.  by  1.44. 

14. 

10  by  .16. 

39. 

5.12  by  .16'. 

15. 

40  by  .32. 

40. 

7.29  by  270. 

16. 

56  by  1.12. 

41. 

34.7231  by  .713. 

17. 

84  by  5.6. 

.42. 

31.8791  by  3.97. 

18. 

56  by  1.12. 

43. 

.267584  by  2.96. 

19. 

100  by  .625. 

44. 

.348336  by  .492. 

20. 

100  by  .008. 

45. 

.190256  by  .188. 

21. 

400  by  .05. 

46. 

59.4204  by  5860. 

22. 

144  by  .288. 

47. 

55.9911  by  108.3. 

23. 

15.4  by  .616. 

48. 

.575484  by  54.6. 

24. 

.096  by  .192. 

49. 

.461071  by  122.3. 

25.   1  by  .001.  50.  4.50775  by  123.5. 


140 


ABITHMBTIC 


EXERCISE  66  (Written) 


Find  the  following  quotients  correct  to  four  decimal 
figures  : 


1. 

1.2801  -i- 1.131. 

19. 

3.0788  +  62.832. 

2. 

1.6796 -t- 1.6216. 

20. 

8.2886  +  28.79. 

3. 

8.1139  +  2.6861. 

21. 

.2.99384  +  7.738. 

♦. 

2.4326  +  20.464. 

22. 

2.72912  +  7.388. 

S. 

18.73  +  163.96. 

23. 

136.6874+1662.8 

6. 

21.07  +  1732. 

24. 

137.614  +  166.9. 

7. 

33.781  +  219.1. 

25. 

.1533 +  .3502. 

8. 

27.726  +  18.01. 

26. 

3.4258  +  17.347. 

9. 

7.6744  +  487.7. 

27. 

.9278  +  27.85. 

10. 

2.786  +  17.1. 

28. 

.6994  +  94.68. 

11. 

8.T386  + 17.96. 

29. 

.8875  +  9.241. 

12. 

14.636  +  94.34. 

30. 

.01998 +  .9387. 

13. 

120.41  +  739.2. 

31. 

.0473 +  .8479. 

14. 

5.516  +  27.86. 

32. 

1 + .07958. 

15. 

3.0791  +  3.1416. 

33. 

10  +  1.732. 

16. 

2.2167  +  3.1416. 

34. 

85  +  1.4142. 

17. 

.054821 + .07958. 

35. 

.834  +  2.245. 

18. 

.1416  +  15.915. 

36. 

7.28  +  9.652. 

FBACnONS  AND  DECIMALS 

149.  A  fraction  such  as  f  or  \^  is  called,  in  Ameri- 
can text-books,  a  common  fraction,  and  in  English  text- 
books on  arithmetic,  a  vulgar  fraction.  A  number  such 
as  .827  is  called  a  decimal  number,  or  decimal  fraction. 
If  .327  is  written  "^^,  it  then  becomes  a  common,  or 
vulgar  fraction. 
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Common  fractions  have  been  in  existence  as  far  back  as 
historic  records  go.  Decimals,  on  the  other  hand,  are 
comparatively  recent  innovations.  They  were  not  gener- 
ally taught  in  schools  until  the  last  century. 

150.  Example  i.   Reduce  |^  to  a  decimal. 

Dividing  7  by  8,  we  get  \^  .876. 
Example  2.   Reduce  ^  to  a  decimal. 

^  =  .636363  +  =  .6364  correct  to  four  figures. 
Example  3.   Reduce  -^^  to  a  decimal. 

We  divide  numerator  and  denominator  by  6;  then 
divide  the  numerator  by  1000  by  moving  the  decimal 
point  three  places  to  the  left. 

EXERCISE  67  (Written) 
Reduce  to  decimals : 

^*  h  I'  i'  A'  ifc'  ife'  \h  l^' 
^'  20'  H'  iTHT'  ^nnj'  T2T'  ^mr- 
^'  A'  TxiV'  1000'  TinnnT'  Trnj^nrff'  wooooo 

^-  tJtt'  1^'  eW'  w^'  "Ainr- 
Reduce  to  decimals  correct  to  four  figures : 

^-   I'  T'  i'  Tt'  tV'  A'  A'  A'  tV- 
®-  sfr'  M'  A'  A'  if'  A' 

^-     A'  A'  T«'   7'  A'  21* 

^^*  w'  TT'  A'  ©id'  «T'  innF' 
^^'  f '  if'  tA'  liw'  ^mJ'  ^io^* 
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151.  Example  l.  Reduce  .0625  to  a  common  fraction. 
.0625  is  read  625  ten-thousandths;  i%^^  is  read  in  the 
same  way. 

.0626  =  y8w^  =  21^5^  ^  ^ftr  =  ^  =  tV* 

EXERCISE  68  (Written) 
Reduce  to.  common  fractions : 

2.  .07,  .0125,  .00875,  .0625,  .0075. 

3.  .009,  .0225,  .1125,  .0275. 

4.  .072,  .0104,  .035,  .0119,  .0875. 

5.  .144,  .0504,  .0768,  .162,  .0112. 

6.  .288,  .0176,  .0325,  .0175,  .425. 

7.  .2875,  .3375,  .5125,  .7375. 

EXERCISE  69  (Written) 

1.  A  man  walks  3  miles  an  hour.  At  this  rate  how 
long  will  it  take  him  to  walk  12  miles  ? 

2.  A  train  goes  25  miles  an  hour.  How  long  will  it 
take  it  to  go  300  miles  at  this  rate  ? 

3.  A  bicyclist  travels  at  the  rate  of  9  miles  an  hour. 
How  long  will  it  take  him  to  go  60  miles  ? 

4.  How  would  you  find  the  time  to  go  any  given  dis- 
tance if  you  knew  the  distance  gone  in  a  unit  of  time  ? 

5.  A  man  walks  3.5  miles  an  hour.  At  this  rate  how 
long  would  it  take  him  to  go  49  miles  ? 

6.  The  distance  from  London  to  Glasgow  is  401.5 
miles.  An  express  train  goes  this  distance  in  8  hours. 
Find  its  rate  per  hour. 

7.  From  London  to  Edinburgh  is  393.5  miles.  The 
daily  mail  train  takes  7.75  hours  to  go  this  distance.  Find 
its  rate  per  hour. 
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8.  The  Empire  State  Express  goes  from  *New  York 
City  to  Buffalo,  a  distance  of  440  miles,  in  8.25  hours. 
Find  its  rate  per  hour. 

9.  The  mail  train  from  Paris  to  Bayonne  goes  486.25 
miles  in  8.983  hours.     Find  its  rate  per  hour. 

10.  The  distance  from  New  York  City  to  Cleveland  is 
568  miles.  A  train  goes  this  distance  in  19.5  hours. 
Find  its  average  speed. 

11.  A  steamer  goes  from  New  York  City  to  Bremen,  a 
distance  of  4235  miles,  in  7.75  days.  Find  its  rate  per 
day.     Also  its  rate  per  hour. 

12.  The  earth  moves  in  its  orbit  at  the  rate  of  1110 
miles  a  minute.  How  many  times  faster  dpes  the  earth 
move  than  a  train  which  goes  54  miles  an  hour  ? 

13.  A  city  lot  is  worth  $1800.  If  this  sum  is  .75  of 
the  value  of  the  house  on  it,  what  is  the  value  of  the  house? 

14.  If  .7  of  a  sum  of  money  is  1196,  what  is  the  sum  of 
money  ? 

15.  Cast  iron  is  7.2  times  as  heavy  g^s  water.  How 
many  cubic  feet  of  cast  iron  weigh  as  much  as  6120  cubic 
feet  of  water  ? 

16.  Coal  is  1.3  times  as  heavy  as  water.  How  many 
cubic  feet  of  coal  weigh  as  much  as  546  cubic  feet  of  water? 

17.  There  are  231  cubic  inches  in  a  gallon.  How  many 
gallons  are  in  1  cubic  foot  ?     (1  cu.  ft.  =  1728  cu.  in.) 

18.  If  2000  pounds  of  coal  cost  $8.75,  find  the  price  of 
8750  pounds  of  this  kind  of  coal. 

19.  If  3.5  yards  of  cloth  cost  $12.25,  find  the  price  of 
7.5  yards  of  this  cloth. 

20.  If  1.6  yards  of  velvet  cost  $2.88,  find  the  price  of 
9.75  yards  of  velvet. 


144  ARITHMETIC 

ai.  If  7.75  acres  of  land  are  sold  for  $193.75,  find  the 
value  of  16.9  acres  of  this  land. 

22.  If  .65  of  a  ton  of  coal  cost  $5.20,  find  the  cost  of 
1  ton  of  this  coal. 

23.  If  .75  of  a  man's  property  is  worth  $3240,  what  is 
the  value  of  his  property  ? 

84.  When  16  pounds  of  sugar  are  bought  for  $1,  find 
the  cost  of  28  pounds  of  sugar. 

25.  If  wheat  sells  for  $.6825  per  bushel,  how  many 
bushels  must  be  sold  to  bring  $465.80  ? 

26.  (a)  The  mean  distance  of  the  earth  from  the  sun  is 
92,790,000  miles.  Light  comes  from  the  sun  to  the  earth 
in  8.3  minutes.  Find  how  many  miles  light  travels  in 
1  second. 

(S)  The  sun  is  3,112,000  miles  nearer  to  us  in  mid- 
winter than  it  is  in  midsummer.  Find  how  many  seconds 
longer  it  takes  light  to  travel  to  us  from  the  sun  in  mid- 
summer than  in  midwinter. 

27.  A  kilometer  equals  .62137  of  a  mile.  How  many 
kilometers  in  9  miles  ? 

EXERCISE  70  (Oral) 
(Inductive-deductive  Lesson) 

1.  What  fraction  of  a  yard  is  1  foot  ?  What  fraction 
of  a  yard  is  2  feet  ? 

2.  What  fraction  of  1  foot  is  1  inch  ?  3  inches  ? 
4  inches  ?  5  inches  ?  7  inches  ?  8  inches  ?  9  inches  ? 
10  inches  ? 

3.  What  fraction  of  1  yard  is  1  inch  ?  What  fraction 
of  a  yard  is  2  inches  ?  3  inches  ?  4  inches  ?  5  inches  ? 
6  inches  ?  9  inches  ?  12  inches  ?  16  inches  ?  17  inches  ? 
19  inches  ?    24  inches  ?    27  inches  ? 
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4.  There  are  8  quarts  in  1  peck.  What  fraction  of 
a  peck  is  1  quart  ?  What  fraction  of  a  peck  is  2  quarts  ? 
3  quarts  ?     4  quarts  ?     5  quarts  ?     6  quarts  ? 

5.  What  fraction  of  a  square  yard  is  2  square  feet? 
3  square  feet  ?  4  square  feet  ?  6  square  feet  ?  6  square 
feet  ?     7  square  feet  ? 

6.  What  fraction  of  10  is  2?    What  fraction  of  10  is  7  ? 

7.  What  fraction  of  11  is  4  ?    What  fraction  of  18  is  9  ? 

8.  What  fraction  of  100  is  80  ? 

9.  Which  of  the  four  fundamental  rules  enables  us  to 
solve  a  problem  of  this  character:  What  fraction  of  a 
number  is  some  other  number  ? 

10.  If  4  men  can  do  a  piece  of  work  in  7  days,  how  long 
will  it  take  1  man  to  do  the  same  work  ? 

11.  If  a  team  of  horses  can  plow  a  40  acre  lot  in  16 
days,  how  long  will  it  take  4  teams  working  together  to 
plow  the  same  lot  ? 

12.  If  a  man  can  do  a  piece  of  work  in  9  days,  what 
fraction  of  the  work  can  he  do  in  1  day  ?  in  2  days  ?  in 
3  days  ?  in  4  days  ?  in  6  days  ? 

13.  A  laborer  can  dig  a  trench  in  15  days.  In  how 
many  days  can  he  dig  ^  of  the  trench  ?  §  of  the  trench  ? 
f  of  the  trench  ?     |  of  the  trench  ? 

14.  Reduce  to  decimals:  J,  i,  f,  f,  J,  f,  |,  |,  f,  J,  ^, 
12"'  h  h  h  h 

EXERCISE  71  (Written) 

1.  A  surveyor's  chain  is  66  feet  long,  and  it  contains 
100  links.  What  fraction  of  a  chain  is  44  feet  ?  21  feet  ? 
54  feet  ?    15  yards  ? 

a.  What  fraction  of  a  chain  is  40  links?  12|  links? 
37 J  links?    62J  links?    87f  links? 
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3.  What  fraction  of  a  chain  is  a  length  of  14|^  links  ? 
.56fUnks?  85f  links?  44JUnks?  6f  links?  46f  links? 
73^  links  ? 

4.  What  fraction  of  a  chain  is  6^  links  ?  31 J  links  ? 
43|  links?  56-i  links?  68|  links?  81 J  links?  93f 
links  ? 

5.  What  fraction  of  a  chain  is  4J  links  ?  20|  links  ? 
46f  links  ?     70f  links  ?     95f  links  ? 

6.  What  fraction  of  an  hour  is  6^  minutes  ?  4^ 
minutes?  51|^  minutes?  56|  minutes?  57^  minutes? 
48^  minutes  ? 

7.  A  gallon  contains  231  cubic  inches.  What  fraction 
of  a  gallon  is  49  cubic  inches?  154  cubic  inches?  99 
cubic  inches  ?     132  cubic  inches  ? 

8.  What  fraction  of  a  square  yard  is  lOf  square  inches  ? 
28^  square  inches?  20|^  square  inches?  82^  square 
inches  ? 

9.  What  fraction  of  a  dollar  is  35  cents  ?  37 J  cents  ? 
62J  cents? 

10.  One  mile  equals  1760  yards.  What  fraction  of  a 
mile  is  88  yards  ?  704  yards  ?  1408  yards  ?  836  yards  ? 
924  yards  ?     688  yards  ? 

11.  A  knot  or  nautical  mile  is,  in  round  numbers,  6080 
feet.  What  fraction  of  a  nautical  mile  is  an  ordinary  or 
statute  mile  ? 

12.  One  square  mile  equals  640  acres.  What  fraction 
of  a  square  mile  is  560  acres  ?  448  acres  ?  576  acres  ?  9^ 
acres  ?    12.8  acres  ?    51.2  acres  ?    19.2  acres  ? 

13.  If  7  laborers  do  a  piece  of  work  in  12  days,  how 
long  will  it  take  6  laborers  to  do  the  same  work  ? 
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14.  If  5  men  do  a  piece  of  work  in  14  days,  how  long 
will  it  take  7  men  to  do  the  same  amount  of  work? 

15.  If  2  teams  plow  25  acres  in  6  days,  how  long  will 
it  take  3  teams  to  plow  the  same  number  of  acres  ? 

16.  If  3  pounds  of  sausage  cost  24^,  find  the  cost  of  10| 
pounds  of  the  sausage. 

17.  If  4  cans  of  sardines  cost  25^,  find  the  cost  of  15 
cans. 

18.  If  a  12-pound  sack  of  flour  sells  for  45^,  at  this  rate 
what  should  a  100-pound  sack  sell  for  ? 

19.  If  I  can  buy  8.5  pounds  of  butter  for  $1.05,  at  this 
rate  how  many  pounds  of  butter  can  I  buy  for  $2.70? 

20.  If  1.75  pounds  of  ham  cost  25^,  how  many  pounds 
of  this  ham  can  be  bought  for  f  2.75  ? 

21.  When  6  cans  of  salmon  can  be  bought  for  $1,  how 
many  cans  can  be  bought  for  $3.50  ? 

22.  If  5  pounds  of  mince-meat  cost  72^,  how  many 
pounds  can  be  bought  for  $1.'62  ? 

23.  What  is  the  ratio  of  50^  to  75^? 

24.  What  is  the  ratio  of  87J^  to  $1  ? 

25.  What  is  the  ratio  of  213^  acres  to  640  acres  ? 

26.  What  is  the  ratio  of  18  minutes  to  2  hours? 

27.  What  is  the  ratio  of  1.2  to  3 J  ? 

28.  If  .75  of  a  ton  of  coal  cost  $6,  what  will  2  tons  of 
coal  cost  at  the  same  price  per  ton  ? 

29.  A  business  man  invests  $5000,  and  makes  a  profit 
of  $1750.   What  is  the  ratio  of  his  gain  to  his  investment  ? 

80.  A  and  B  engage  in  business.  A  puts  in  .58  of  the 
entire  capital,  and  B  the  remainder.  Find  each  person's 
gain  if  they  make  a  profit  of  $  8500. 
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AREAS  OF  KECTANGULAB  FIGURES 

152.   Take  the  rectangle  ABOB,     Let  AB  represent  4 
feet,  JB  (7  represent  8  feet, 

A, , , , ,B 


Area  of  ABCB  =  4  square  feet  x  3,  or  3  square  feet 
X  4.  Hence  the  number  of  square  feet  is  obtained  by 
multiplying  the  number  of  feet  in  the  length  by  the 
number  of  feet  in  the  breadth. 

Take  another  rectangle  KLMN.  Let  KL  =  9  yards. 
Let  LM=  4  yards.  Area  KLMN=  36  square  yards. 
Divide  KL  into  any  number  of  equal  parts,  say  5 ;  and 
LM  into  any  number  of  equal  parts,  say  3.  Draw  lines 
through  the  points  of  division. 

M 


V  « 
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Then 

Area  of  pwrN      =  -Jf  square  yards. 

Length  of  psrN  =  ^  of  9  y^rds. 

Breadth  of  psrlf^  J  of  4  yards. 

Take  the  product  of  the  number  of  yards  in  the 
length  and  in  the  breadth  of  psrN^  and  we  have  J  of 
4xiof  9=  If. 

Hence  the  area  of  p%rN^  ^f  square  yards. 

From  these  illustrations  it  appears  that  the  area  of  a 
rectangle  is  obtained  by  multiplying  the  number  of  units 
in  the  length  by  the  number  of  units  in  the  breadth; 
the  resulting  product  times  the  square  unit  will  be  the 
area. 

163.  Number  is  the  ratio  of  one  quantity  to  another 
quantity  of  the  same  kind  taken  as  a  standard. 

For  example,  take  154  square  feet.  Here  the  number 
is  154.  The  unit  is  a  squg^re  foot.  The  ratio  of  154  square 
feet  to  1  square  foot  is  154. 

Take  another  example,  17  bushels.  The  unit  or  stand- 
ard is  1  bushel.  The  ratio  of  17  bushels  to  1  bushel  is  17. 
The  expression  "17  bushels"  is  designated  a  concrete 
number  or  quantity. 

Note.  The  definition  of  number  in  §  153  is  due  to  Leibnitz,  a 
Grerman  philosopher  and  mathematician.  In  advanced  work  in  mathe- 
matics, the  idea  of  number  is  divorced  from  measurement,  and  is  made 
to  spring  from  counting. 

EXERCISE  72  (Written) 

1.  The  dimensions  of  a  rectangle  are  125  feet  by  100 
feet.  Find  its  area  in  square  feet.  Find  also  the  area  in 
square  yards. 
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2.  A  rod  is  5J  yards  long.  How  many  square  yards 
are  in  1  square  rod?  Find  the  number  of  square  yards 
in  1  acre  (1  acre  =  160  square  rods). 

3.  A  chain  is  66  feet  long.  How  many  square  feet 
are  in  a  square  chain  ?  How  many  square  yards  are  in 
1  square  chain  ? 

4.  Find  how  many  square  inches  are  in  1  square  yard. 

5.  In  1  mile  there  are  1760  yards.  How  many  square 
yards  are  in  1  square  mile  ? 

6.  A  farm  in  the  form  of  a  rectangle  is  53J  rods  long 
and  48  rods  wide.     How  many  acres  does  it  contain  ? 

7.  A  wheat  field,  rectangular  in  shape,  is  64  rods  long 
and  40  rods  wide.  How  many  bushels  of  wheat  will  it 
produce  at  18  bushels  to  the  acre  ?  Find  the  value  of  the 
crop  at  $.84 J  a  bushel. 

8.  A  cornfield  is  213J  rods  long  and  96  rods  wide. 
How  many  bushels  of  corn  will  it  produce  at  32  bushels 
to  an  acre?  Find  the  value  of  the  crop  at  $.48|  per 
bushel. 

9.  A  city  block  is  110  yards  long  by  90  yards  wide. 
How  many  acres  are  in  a  park  which  extends  7  blocks  one 
way  and  5  blocks  the  other  way  ? 

10.  A  street  is  17^0  yards  long  and  20  yards  wide. 
How  many  thousand  bricks,  8  inches  by  4  inches,  will  be 
needed  to  pave  it  ? 

11.  How  many  square  tiles,  4  inches  on  a  side,  will  be 
required  to  tile  a  hall  60  feet  by  16  feet  ? 

12.  The  dimensions  of  a  room  are  16  feet  by  12  feet, 
and  10  feet  high.  How  many  square  yards  are  in  the 
four  walls  of  the  room  ?  How  many  square  yards^  are  in 
the  walls  and  ceiling  ? 
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13.  The  dimensions  of  a  room  are  40  feet  by  30  feet, 
and  18  feet  high.  How  many  square  yards  are  in  its  walls 
and  ceiling  ? 

14.  Find  the  area,  in  square  yards,  of  the  walls  and 
ceiling  of  a  room  24  feet  by  16  feet,  and  12  feet  high. 

15.  ABCD  is  a  rectangular  plot  of  ground  400  feet  by 
160  feet.  Surrounding  it  is  a  road  15  feet  wide.  Find 
the  area  of  the  road. 


A                                                B 

16.  A  rectangular  park,  600  feet  long  by  560  feet 
wide,  has  a  road  surrounding  it.  Find  the  area  of  the 
road  if  its  width  is  24  feet.  Suppose  the  road  is  fenced 
in,  how  many  feet  of  wire  will  it  take  to  go  once 
round  ? 

17.  A  rectangular  grass  plot  252  feet  by  180  feet  has  a 
walk  around  it.  The  width  of  the  walk  is  9  feet.  How 
many  flags  9  inches  square  will  be  required  to  flag  the 
walk? 

18.  Find  the  area  of  each  of  the  following  rectangles,  in 
square  feet,  correct  to  two  decimal  figures : 

(a)  136  feet  8  inches  by  115  feet  4  inches. 
(6)  225  feet  by  93  feet  10  inches. 
(<?)  78  feet  5  inches  by  56  feet  6  inches. 
(d)   25  feet  9  inches  by  50  feet  2  inches, 
(g)  104  feet  2  inches  by  153  feet  11  inches. 
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(/)  203  feet  by  53  feet  9  inches. 

(^)  223  feet  10  inches  by  78  feet. 

(A)  618  feet  1  inch  by  130  feet  7  inches. 

Hint.    Reduce  the  inches  in  each  example  to  the  fraction  of 
1  foot. 

19.  Find  the  area  of  the  following  rectangles,  giving 
the  results  in  square  yards,  correct  to  two  decimal  figures : 

(a)  84.5  feet  by  76.75  feet. 
(6)  90.67  by  84.33  feet. 

(c)  96.34  by  85.28  feet. 

(d)  177.33  feet  by  82.54  feet. 

(e)  129.55  feet  by  79.63  feet. 

BILLS 

154.  A  biU  is  an  itemized  statement  in  writing  of 
articles  sold,  or  of  services  rendered,  specifying  the  price 
of  each  article,  and  of  all  the  articles  of  each  kind,  and 
also  the  total  amount. 

155.  The  party  who  owes  is  called  a  debtor,  and  the 
party  to  whom  anything  is  owed  is  called  a  creditor. 
Dr.  and  Cr.  stand  respectively  for  debtor  and  creditor. 
The  symbol  @  used  in  bills  stands  for  at.  Thus,  7  bushels 
of  wheat  @  81  ^  means  7  bushels  of  wheat  at  81  cents  per 
bushel. 

156.  The  words  Received  Payment  are  printed  on  some 
bills.  When  a  bill  is  paid,  the  party  to  whom  payment 
is  made  acknowledges  payment  by  writing  his  name  and 
the  date  of  payment  underneath  the  words  Received  Pay- 
ment. Or  he  may  simply  stamp  on  the  face  of  the  bill 
Paid^  the  date  of  payment,  and  his  name. 
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8PBCIUEN  BILL 

GALYB8TOM,  Tbxjla,  Jan.  31,  1903. 
Mb.  a.  B.  C. 

In  account  with  K.  M.  &  CO., 

DBALBB8   IN 

Furniture,  Carpets,  Ruqs,  &c. 


Jan. 


2 

10 
16 
W 

u 

S  Chairs  @  fl^.SS 

1  Library  Table 
S  Ruga  @f  6.76 

40  yd.  Matting  @45l( 

2  Wardrobes  @  f  17.60 

Paid 

Feb.  1, 190S. 
K.  M.  &  CO. 
Per  M. 

$6 
26 
20 
18 
85 

76 
00 
76 
00 
00 

fl05 


00 


Mr.  p.  Q.  R. 


Dallas,  Tbxas,  Feb.  5,  1903. 

Bought  of  M.  R.  S.,       . 

Retail  Grocers. 


Jan. 

5 

Sib.  Tea  @  50^ 

91 

60 

(( 

28  lb.  Sugar  @5\^ 

1 

47 

U 

Spks.  Potatoes®  40^ 

1 

20 

(( 

rm.  Bacon  @  15^ 

1 

05 

10 

Sib.  Butter  @S5^ 

2 

80 

12 

S  cans  Salmon  @  17  ^ 

51 

IS 

6  lb.  Sausage  @  12^ 

72 

f9 

25 

Paid 

Feb.  8. 

M.  R.  S. 

Per  X. 
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EXERCISE  73  (Written) 
Make  out  the  following  bills  and  receipt  them  : 

1.  Mr.  John  Rye  bought  of  William  Merchant, 

12  yd.  Calico @  9^ 

15  yd.  Sheeting @  7  ^ 

11yd.  Flannel @  35^ 

2  Hats @    $3.75 

18  yd.  Carpet @  75^ 

3  Smyrna  Rugs @  110.50 

2.  Mr.  J.  Hill  bought  of  F.  Warner  &  Co., 

5  Stoves @    16.60 

3  doz.  Knives @    14.80 

2  Saws @    $1.50 

6  Iron  Beds @  115.75 

6  Wrenches @    $1.25 

3.  H.  Van  Oppen  bought  of  Hegel  &  Co., 

2  bu.  Potatoes @  $1.60 

51b.  Tea @         75^ 

2  boxes  Herring      .     .     .     .  @  $1.95 

251b.  Ham @         15^ 

451b.  Sugar @          ^^ 

4.  Mr.  James  Kay  bought  of  Simpson,  Perdue  &  Co., 

50  1b.  Sugar @  4^^ 

15  cans  Tomatoes      .     .     .     .  @  13  ^ 

27  cans  Corn @  16  ^ 

10  packages  Breakfast  Food   .  @  12J  ^ 

8  cans  Salmon @  18  ^ 

5  gal.  Maple  Sirup       .     .     .  @  $1.30 

251b.  Butter @  37^^ 

61b.  Y.  H.  Tea.     .     .     .     .  @  75^ 


REVIEW  QUESTIONS  155 

5.    Mr.  H.  Scharp  bought  of  Matt,  Schorn  &  Co., 

350  bu.  Oats @  4e5|^^ 

278  bu.  Barley @  69  ^ 

840  bu.  Rye @  94^ 

10  bbl.  Flour @  $6.50 

847  bu.  Wheat @  81J^ 

450  bu.  Corn @  54^ 

REVIEW  QUESTIONS 

1.  What  is  the  derivation  of  the  word  decimal  f 

2.  What  is  the  law  pervading  the  decimal  system  of 
notation  ? 

3.  What  is  meant  by  the  decimal  point  ? 

4.  What  is  the  origin  of  the  decimal  system  of  nota- 
tion? 

5.  Give  the  different  names  for  the  symbol  0. 

6.  Of  what  use  is  0  in  the  decimal  system  of  notation  ? 

7.  Name,  in  order,  the  first  eight  places  to  the  left  of 
the  decimal  point. 

8.  Name,  in  order,  the  first  six  places  to  the  right  of 
the  decimal  point. 

9.  How  do  you  write  any  number  of  lOths  ?  any  number 
of  lOOths  ?  any  number  of  lOOOths  ? 

10.   Give  the  rule  for  writing,  in  figures,-  a  decimal 
number. 

U.   How  do  you  multiply  a  number  by  10  ? 

12.  In  the  notation  of  what  numbers  is  the  decimal 
point  omitted  ? 

13.  How  do  you  multiply  a  number  by  1000  ?  by  10,000  ? 

14.  What  effect  upon  the  value  of  a  combination  of 
figures  has  moving  the  decimal  point  two  places  to  the 
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left  in  the  number  expressed  by  those  figures?  What 
effect  has  moving  the  decimal  point  three  places  to  the 
light  ? 

15.  What  is  the  value  of  the  ratio  7.01 :  .00701  ? 

16.  Give  the  rule  for  the  addition  of  decimals. 

17.  Give  the  rule  for  the  multiplication  of  decimals. 

18.  What  is  meant  by  a  power  of  a  number  ? 

19.  What  is  meant  by  the  index  of  a  power  ? 

20.  Give  thi'ee  ways  in  which  2.7  may  be  written. 

21.  Express  the  decimal  .079677  correct  to  four  figures  ; 
correct  to  three  figures ;  correct  to  two  figures. 

22.  What  is  meant  by  a  vulgar  fraction? 

23.  How  do  you  reduce  a  fraction  to  a  decimal  ? 

24.  How  do  you  reduce  a  decimal  to  a  common  fraction  ? 

25.  Give  the  ratio  definition  of  number. 

26.  How  do  you  find  the  area  of  a  rectangle  ? 

27.  What  is  a  bill? 

28.  Explain  the  terms  Dr,  and  Or. 


CHAPTER  X 

COMPOUND  QUANTITIES 

157.  Concrete  quantities  of  the  same  kind,  but  consist- 
ing of  units  of  different  denominations,  are  called  oompound 
quantities. 

17  days,  10  hours,  and  30  minutes  is  a  compound 
quantity.  Here,  we  have  three  units  of  measurement ; 
namely,  a  day,  an  hour,  and  a  minute.  These  units  are 
of  different  denominations,  but  each  is  of  the  same  kind, 
inasmuch  as  it  stands  for  a  definite  portion  of  time. 

Compound  quantities  are  also  called  oompound  denomi- 
nate quantities.  Quantities  composed  of  units  of  one 
denomination  are  generally  called  simple  quantities. 

158.  AVOIRDUPOIS  WEIGHT 

X6  ounces  (oz.)  =  1  pound  (lb.) 

100  pounds  =  1  hundredweight  (cwt) 
20  hundredweight,  or  2000  pounds  =  1  ton  (T.) 

In  Great  Britain,  112  pounds  =  1  hundredweight  (cwt.) 
20  hundredweight,  or  2240  pounds  =  1  ton  (T.) 

Avoirdupois  weight  is  used  in  weighing  all  commercial 
quantities  excepting  the  precious  metals,  jewelry,  and 
drugs  sold  by  retail  druggists. 

The  unit  in  Avoirdupois  weight  is  the  pound  of  7000 
grains. 

The  English  ton,  known  in  the  United  States  as  the 
long  ton,  is  used  in  the  United  States  Custom  Houses, 
and  in  weighing  coal  and  mineral  products  at  the  mines. 
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EXERCISE  74  (Oral) 

1.  How  many  ounces  are  in  3  lb.  ?   in  5  lb.  ?   in  8  lb.  ? 

2.  How  many  ounces  are  in  2  lb.  3  oz.  ?   in  3  lb.  2  oz.  ? 

3.  How  many  hundredweight  are  in  3  T.?   in  7  T.? 
in  9  T.? 

4.  How  many  pounds  are  in  5  cwt.?  in  9  cwt.?   in  11 
cwt.? 

5.  How  many  pounds  are  in  3  cwt.  20  lb.  ?  in  7  cwt. 
301b.? 

6.  How  many  pounds  and  ounces  are  in  57  oz.?   in  90 
oz.?   in84oz.?  in  73 oz.? 

7.  What  part  of  1  lb.  is  8  oz.  ?   12  oz.  ?   14  oz.  ? 

8.  How  many  pounds  are  in  ^  cwt.  ?   in  |  cwt.  ?   in 
.7  cwt.?   in  .9  cwt.? 

9.  What  part  of  1  T.  is  200  lb.?    500  lb.?    250  lb.? 
333 J  lb.? 

10.  What  fraction  of  1 T.  is  800  lb.  ?  1200  lb.  ?  1600  lb .  ? 
18001b.?   7501b.? 

159.  The  process  of  reducing  units  of  any  given  de- 
nomination to  units  of  higher  denomination  is  called 
reduction  aaoending. 

160.  The  process  of  reducing  units  of  a  higher  denomi- 
nation or  of  higher  denominations  to  units  of  lower  de- 
nomination is  called  reduction  descending. 

161.  Reduce  1,000,204  oz.  to  higher  denominations. 
1 000204  Divide  by  16  to  get  the  number 

62512  lb.  9  oz. —   of  pounds.     Divide  by  100  to  get 


16 

100 

20 


-^25 X    •«  o  Yh     *^®  number  of  hundredweights. 


HI  T    ^    wt —    Divide  by  20  to  get  the  number 
of  tons. 

Ans,  31  T.  5  cwt.  12  lb.,  9  oz. 
Weights  are  generally  expressed  in  tons  or  in  pounds. 
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I  EXERCISE  7S  (Written) 

Reduce  to  higher  denominations  : 
1.   7800  oz.  2.   9763  oz.  3.   75,497  pz. 

4.   1,000,000  oz.         5.   7987  1b.  6.    32,7211b. 

7.  How  many  ordinary  or  short  tons  are  in  100  long  tons  ? 

8.  Reduce  10,000  lb.  to  long  tons. 

9.  Reduce  93,500  lb.  to  long  tons. 

162.   Reduce  7  T.  3  cwt.  12  lb.  10  oz.  to  ounces. 

T.    cwt     lb.        oi. 

7     3    12    10 

20 

143  cwt.  We  reduce  the  7  T.  to  hundredweights  by 

100  multiplying  by  20.     Add  3  cwt.  to  the  product 

14312  lb.  and  get  143  cwt.    Multiply  143  by  100  and  add 

16  12  lb.  to  the  product.     This  gives  us  14,312  lb. 

85882  Multiply  this  by  16,  adding  10  oz.,  when  we 

14312  multiply  by  the  first  figure,  6. 

229002  oz. 

EXERCISE  76  (Written) 

1.  Reduce  19  T.  to  ounces. 

2.  Reduce  14  T.  4  cwt.  to  pounds. 

3.  Reduce  17  T.  3  cwt.  to  pounds. 

4.  Reduce  25  T.  2  cwt.  to  ounces. 

5.  Reduce  3  T.  16  cwt.  2  lb.  to  pounds. 

6.  Reduce  4  T.  11  cwt.  58  lb.  to  pounds. 

7.  Reduce  8  T.  2  cwt.  73  lb.  to  pounds. 

8.  A  dealer  buys  50  long  tons  of  coal  and  sells  it  by 
the  short  ton.     How  many  short  tons  does  he  sell  ? 

9.  A  dealer  buys  100  long  tons  of  coal  at  f  6.75  per 
ton.  He  sells  it  by  the  short  ton  at  16.75  per  ton.  How 
much  profit  does  he  make  ? 

10.  Convert  784  short  tons  into  long  tons. 
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LINEAR  OR  LONG  MEASURE 
168.  12  inches  (in.)  =  1  foot  (ft.) 


3  feet 

=  1  yard  (yd.) 

SJ  yards 

=  1  rod  (rd.) 

820  rods 

=  1  mile  (mi.) 

6080  feet 

=  1  knot,  geographical  or  nautical  mile 

3  knots 

=  1  league 

1  mi.  =  320  rd. 

=  1760  yd.  =  6280  ft. 

SURVEYORS'   LINEAR  MEASURE 

100  links  (1.)  =  1  chain  (ch.) 
80  chains       =  1  mile 
Ich.  =  4rd.   =22  yd.  =  66  ft. 

The  unit  of  length  is  the  yard.  This  is  defined  by  law 
in  the  United  States  and  in  England. 

The  legal  value  of  the  yard  in  the  United  States  (that 
of  the  Bureau  of  Standards)  does  not  exactly  agree  with 
the  legal  value  in  England. 

An  English  yard  is  the  distance  between  two  lines  on  a 
brass  rod  at  62®  Fahr.  This  rod  is  kept  in  the  Office  of 
Standards,  London.  The  yard,  in  the  United  States,  used 
as  a  standard  since  1893  is  MM  of  the  meter. 


EXERCISE  77  (Oral) 

1.  How  many  feet  are  in  1  rd.?  in  2  rd.?  in  4  rd.? 

2.  How  many  inches  are  in  1  yd.?  in  4  yd.?  in  5  yd.? 

3.  How  many  inches  are  in  1  ch.?  in  1 1.?  in  2  1.? 

4.  How  many  feet  are  in  ^  mi.?   in  J  mi.?  in  .^  mi.? 

5.  How  many  yards  are  in  J  mi.?  in  ^  mi.?  in  J  mi.? 

6.  How  many  feet  are  in  J  ch.?  in  ^  ch.?  in  ^  ch.? 

7.  What  fraction  of  1  mile  is  6  ch.?  16  ch.?  30  ch.? 
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8.  What  fraction  of  a  chain  is  2  rd.?  6  yd.?  14  yd.? 

9.  What  fraction  of  a  mile  is  440  yd.?  176  yd.?  88  yd.? 

10.  Reduce  to  inches  2  ft.  8  in.,  5  ft.  4  in. 

11.  Reduce  to  yards  3  rd.,  4  rd.,  5  rd. 

12.  Reduce  to  feet  1  rd.,  2  rd.,  4  rd.,  5  rd. 

13.  Reduce  to  rods  2  mi.,  3  mi.,  5  mi.,  6  mi. 

164.   Reduce  2  mi.  127  rd.  8  yd.  2  ft.  4  in.  to  inches. 

mi.        rd.       yd.     ft.     In. 

2     127     3     2    4 

£~j1  Reduce  the  miles  to  rods  by  multiplying 

^^^  the  number  of  miles  by  320.     Add  127  to 

iifi  the  product. 

*    *  Next  reduce  the  rods  to  yards  by  multi- 
2jL  plying  the  number  of  rods,  767,  by  6  J.    To  do 

^^^^  this,  take  J  of  767,  and  to  this  add  5  times 

§§?^  767,  and  the  3  yd.  we  already  have. 
4221^  yd.        ^g  ^^^^  multiply  by  8,  adding  in  the  2  ft. 

—  at  the  same  time.     Finally  we  multiply  by 


12666J  ft.      ]^2,   adding  at  the  same   time    the    4    in. 
1^  Therefore  2  mi.  127  rd.  3  yd.  2  ft.  4  in.  = 


162002    in.      152,002  in. 

A  problem  in  reduction  descending  involves  multiplica- 
tion and  addition.  We  invariably  begin  with  the  highest 
denomination  and  multiply  the  given  number  of  units  of 
that  denomination  by  the  number  of  units  of  the  next 
lower  denomination  that  makes  one  unit  of  the  highest 
denomination.  We  treat  the  next  denomination  in  the 
same  way,  and  so  on  to  the  end. 

Note.  Distances  are  generally  expressed  in  miles  or  in  feet.  We 
never  hear  of  a  length  expressed  in  miles,  yards,  feet,  and  inches,  all 
at  the  same  time. 
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EXERCISE  78  (Written) 

1.  Reduce  4  yd.  2  ft.  to  inches. 

2.  Reduce  110  yd.  1  ft.  to  inches. 

3.  Reduce  5J  mi.  to  yards. 

4.  Reduce  7  mi.  120  rd.  to  yards. 

5.  Reduce  10  mi.  110  rd.  4  yd.  to  yards. 

6.  Reduce  445|  mi.  to  yards. 

7.  Reduce  7.74  mi.  to  yards. 

8.  Reduce  8.35  mi.  to  rods. 

9.  Reduce  238  rd.  to  feet.  , 

10.  Find  the  number  of  inches  in  1  mi. 

11.  In  54  ch.  how  many  inches  are  there  ? 

12.  In  15.54  ch.  how  many  feet  are  there  ? 

13.  Find,  in  feet,  the  difference  between  115  ch.  and 
IJmi. 

14.  Find,   in  yards,   the  difference    between  134  ch. 
and  1|  mi. 

165.   Reduce  300,000  in.  to  higher  denominations. 


12 
3 


11 

320 


300000 


25000  ft. 


8333  yd.  1  ft. 
2 


16666  half  yd. 


1515  rd.  1  half  yd. 


4  mi.  235  rd. 
Ans,  4  mi.  235  rd.  J  yd.  1  ft. 
Since  ^  yd.  =  1  ft.  6  in.,  4  mi.  235- rds.  J  yd.  1  ft.  = 

4  mi.  235  rd.  0  yd.  1  ft. 

1  ft.  6  in. 

4  mi.  235  rd.  0  yd.  2  ft.  6  in. 

Therefore,  800,000  in.  =  4  mi.  235  rd.  2  ft.  6  in. 

A  problem  in  reduction  ascending  involves  only  division. 
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EXERCISE  79  (Written) 

1.  Reduce  250  in.  to  higher  denominations. 

2.  Reduce  384  ft.  to  higher  denominations. 

3.  Reduce  64,000  in.  to  higher  denominations. 

4.  Reduce  274,000  in.  to  yards,  giving  your  answer 
correct  to  three  decimal  figures. 

5.  Reduce  10,240  rd.  to  miles. 

6.  Reduce  152  mi.  to  knots. 

7.  Reduce  165  knots  to  miles. 

8.  Reduce  1356  ch.  to  miles. 

9.  Reduce  7.7  mi.  to  chains. 

10.  Reduce  250  ch.  to  feet. 

11.  Reduce  484  yd.  to  chains. 

12.  Find  how  many  inches  are  in  1  link.     In  17  links. 

13.  Express  in  miles  and  the  decimal  of  a  mile  correct 
to  three  figures  the  heights  of  the  following  mountains : 

Everest,  29,002  ft.;  Aconcagua,  22,860  ft.;  Ararat, 
17,325  ft.;  Blanc,  15,781  ft.;  Fremont  Peak,  13,790 
ft.;  McKinley,  20,464  ft.;  Logan,  19,539  ft.;  Orizaba, 
18,314  ft.;    Pikes  Peak,  14,108  ft. 

SQUARE  MEASURE 

166.    144  square  inches  (sq.  in.)  =  1  square  foot  (sq.  ft.) 

9  square  feet  =  1  square  yard  (sq.  yd.) 

30J  square  yards  =  1  square  rod  (sq.  rd.) 

160  square  rods  =  1  acre  (A.) 

640  acres  =  1  square  mile  (sq.  mi.) 

10  square  chains  =  1  acre 

1  acre  =  4840  square  yards 

1  section  =  1  square  mile 

86  flections  =  1  township 

Bqrnra  maasiira  is  used  to  measure  the  areas  of  surfaces. 
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EXERCISE  80  (Oral) 

1.  How  many  square  inches  are  in  ^  sq.  ft.  ?  in  ^  sq. 
ft.  ?   in  J  sq.  ft.  ?   in  I  sq.  ft.  ? 

2.  How  many  square  feet  are  in  |  sq.  yd.  ?  in  f  sq.  yd.  ? 

3.  How  mi^ny  square  rods  are  in  ^  of  an  acre  ?  in  ^  of 
an^acre?  in  |  of  an  acre?  in  |  of  an  acre?  in  .7  of  an  acre  ? 
in  .9  A.? 

4.  How  many  square  rods  are  in  1  sq.  ch.  ?  in  |  sq.  ch.  ? 
in  ^  of  a  square  chain  ? 

5.  How  many  square  yards  are  in  J  A.?  in  |^  A. ? 
in  J  A.? 

6.  Reduce  .26  A.  to  square  rods. 

7.  Reduce  .75  sq.  ft.  to  square  inches. 

8.  What  part  of  a  township  is  1  sq.  mi.  ? 

9.  How  many  square  links  are  in  1  sq.  ch.  ? 

10.  How  many  square  links  are  in  1  sq.  rd.  ? 

11.  Reduce  ^  sq.  ch.  to  square  links. 

12.  Reduce  87  sq.  ch.  to  acres. 

13.  Reduce  480  sq.  rd.  to  acres. 

14.  Reduce  60J  sq.  yd.  to  square  rods. 

15.  A  ranch  occupies   5   sections.      How  many  acres 
does  it  contain? 

16.  Reduce  288  sq,  ft.  to  square  yards. 

167.  A  line  has  lengtli  without  width.     A  line  has  one 
dimension. 

168.  A  surface  has  length  and  breadth.     A  surface  has 
two  dimensions. 

169.  A  plana  aurfade,  or  a  plane,  is  one  which  is  per- 
fectly even. 

170.  A  solid  has  length,  breadth,  and  thickness.     It  has 
three  dimensions. 


COMPOrfND   QUANTITIES  165 

171.  A  cube  is  a  solid  bounded  by  six  plane  surfaces, 
each  of  which  is  a  square. 

172.  A  solid  having  the  shape  of  a  box  or  of  an  ordinary 
room,  i.e.  one  bounded  by  six  plane  surfaces  each  of  which 
is  a  rectangle,  is  called  a  rectangular  solid. 

173.  The  volume  of  a  solid  means  the  amount  of  space 
it  occupies.  This  is  measured  by  the  number  of  times  the 
solid  contains  the  unit  of  measurement. 

174.  The  unit  of  volume  is  a  cube  having  for  edges  equal 
linear  units.  The  cubic  unit  from  which  all  others  are 
derived  is  the  cubic  yard. 

CUBIC  OR  SOLID  MEASURE 

1728  cubic  inches  (cu.  in.)  =  1  cubic  foot  (cu.  ft.) 
27  cubic  feet  =  1  cubic  yard  (cu.  yd.) 

1.  What  is  a  cubic  foot  ?     What  is  a  cubic  inch  ? 

2.  How  many  cubic  inches  are  in  J  cu.  ft.?  in  J  cu.  ft.? 
in  J  cu.  ft.?  in  ^  cu.  ft.? 

3.  How  many  times  longer  is  an  edge  of  a  cubic  foot 
than  an  edge  of  a  cubic  inch? 

4.  How  many  times  longer  is  an  edge  of  a  cubic  yard 
than  an  edge  of  a  cubic  foot? 

5.  How  many  times  longer  is  an  edge  of  a  cubic  yard 
than  an  edge  of  a  cubic  inch  ? 

MEASURES  OF  CAPACITY 

-175.  There  are  two  measures  of  capacity  in  general  use, 
namely,  Liquid  Measure  and  Dry  Measure. 

Liquid  Measure 
4  gills  (gi.)  =  1  pint  (pt.) 
2  pints  =  1  quart  (qt.) 

4  quarts       =  1  gallon  (gaJ.) 


166  ARITHMETIC 

A  gallon  contains  231  cu.  in. 

In  some  text-books  the  statement  is  made  that  a  gallon 
of  distilled  water  weighs  10  lb.  The  imperial  Winchester 
gallon  measure  of  England,  when  filled  with  distilled 
water,  weighs  10  lb. 

This  is  an  entirely  different  gallon  from  that  used  in 
the  United  States. 

Dbt  Mbasubb 

2  pints  (pt.)  =  1  quart  (qt.) 
8  quarts  =  1  peck  (pk.) 
4  pecks  =  1  bushel  (bu.) 

One  bushel  contains  2150.42  cu.  in.  It  is  the  volume 
of  a  cylindrical  vessel  18 J  in.  in  diameter  and  8  in.  deep. 

EXERCISE  81  (Written) 

1.  How  many  pints  are  in  1  gal.? 

2.  How  many  gills  are  in  Iqt.? 

3.  How  many  gills  are  in  1  gal.? 

4.  What  part  of  1  gal.  is  1  pt.?  8  pt.?  5  pt.? 

5.  How  many  pints  are  in  1  pk.?  2  pk.?  3  pk.? 

6.  How  many  quarts  are  in  1  bu.? 

7.  How  many  pints  are  in  1  bu.? 

8.  What  part  of  1  bu.  is  1  pt.? 

9.  How  many  cubic  inches  are  in  1  pt.  dry  measure  ? 

10.  How  many  cubic  inches  are  in  1  pt.  liquid  measure  ? 

11.  What  is  the  ratio  of  a  pint  liquid  measure  to  a 
pint  dry  measure? 

12.  How  many  more  cubic  inches  are  there  in  a  pint 
dry  measure  than  in  a  pint  liquid  measure? 

13.  How  many  quarts  are  in  |  pk.? 
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14.  Reduce  2.75  bu.  to  quarts. 

15.  Reduce  4.25  gal.  to  quarts. 

16.  How  many  gallons  would  be  required  to  fill  10 
bushel  measures? 

ANGULAR   MEASURE 

176.  A  point  has  position,  but  no  dimensions, 

177.  If  two  lines  be  such  that  they  cannot  intersect  each 
other  in  more  than  one  point,  each  is  called  a  straight  line. 

It  is  not  an  easy  matter  to  define  a  straight  line.  The 
following  definitions  have  be^n  given : 

A  straight  line  is  a  line  which  lies  evenly  between  any 
two  of  its  points. 

The  path  of  a  point  which  moves  without  changing  its 
direction  is  a  straight  line. 

A  straight  line  is  the  shortest  line  between  two  points. 
All  of  these  definitions  are  objectionable. 

The  following  illustration,  taken  from  Professor  Henrici, 
may  serve  to  give  a  clear  idea  of  a  straight  line : 

"  If  we  suspend  a  weight  by  a  string,  the  string  becomes 
stretched,  and  we  say  it  is  straight,  by  which  we  mean  to 
express  that  it  has  assumed  a  peculiar  shape.  If  we  men- 
tally abstract  from  this  string  all  thickness,  we  obtain  the 
notion  of  the  simplest  of  all  lines,  which  we  call  a  straight 
line."  ^C 

178.  The  mutual  inclination 
of  two  straight  lines  which  pro-    ^■' 
ceed  from   the    same   point  is 
called  an  angle. 

The  angle  formed  by  the  lines  AB^  AC  is  read  angle 
BAC.  The  lines  AB^  AC  are  called  the  sides  of  the  angle 
BAO^  or  arms  of  the  angle  BAC.  The  point  A  is  called 
the  vertex  of  the  angle. 
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179.  If  one  straight  line  meets  another  straight  line  so 
as  to  make  the  adjacent  angles  equal  to  each  other,  each 
angle  is  called  a  right  angle. 

S 


If  the  lines  MN^  ST  meet  in  B  so  as  to  make  the  angles 
NBS^  SBM  equal,  then  each  angle  is  a  right  angle.  Their 
sum  is  called  a  straight  angle. 

180.  The  unit  of  angular  measure  is  1  degree. 

181.  60  seconds  (")  =  1  minute  (') 
60  minutes  =  1  degree  (°) 
90  degrees  =  1  right  angle 

2  right  angles  =  1  straight  angle. 

EXERCISE  82  (Oral) 

1.  What  part  of  1' is  1"  ? 

2.  How  many  seconds  are  in  J  minute  ? 

3.  Reduce  1'  30"  to  seconds. 

4.  What  part  of  a  straight  angle  is  a  right  angle  ? 

5.  What  part  of  a  right  angle  is  an  angle  of  45°  ?  30°  ? 
15**?    18**?    60°?    75°? 

6.  How  many  degrees  are  in  1  straight  angle  ?  in  |  of 
a  straight  angle  ? 

7.  What  part  of  a  straight  angle  is  an  angle  of  15°  ?  24**  ? 
30°?   45°?   60°?    80°?   100°?   105°?   120°?   135°?   150°? 
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CIBCULAB  MEASURE 

182.  A  circle  is  a  plane  figure  bounded  by  a  line  called 
the  cirouniference,  every  point  of  which  is  equally  distant 
from  a  point  within  the  figure  called  the  center. 

183.  A  straight  line  from 
the  center  to  the  circumfer- 
ence is  called  a  radius. 

184.  A  straight  line  drawn 
through  the  center  and  ter- 
minated by  the  circumfer- 
ence is  called  a  diameter. 

The  lines  AB  and  CD  are 
diameters. 

185.  Any  portion  of  a  cir- ' 
cumference  is  called  an  are. 
mn  is  an  arc. 

186.  An  arc  equal  to  one  half  of  a  circumference  is 
called  a  aemicircumferenoe. 

187.  An  arc  equal  to  one  fourth  of  a  circumference  is 
called  a  quadrant. 


188. 


60  seconds  (")  =  1  minute  (') 
60  minutes        =  1  degree  (°) 
360  degrees        =  1  circumfereuce. 


The  division  of  the  circle  into  360  equal  parts  is  due  to 
the  Chaldean  astronomers,  who  thought  the  year  consisted 
of  360  days,  and  that  the  sun  annually  described  a  circle 
in  the  heavens  among  the  fixed  stars.  The  degree  was 
taken  as  a  unit  to  indicate  the  distance  the  sun  traveled 
each  day. 
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EXERCISE  83  (Oral) 

1.  How  many  degrees  are  in  a  quadrant  ?  in  a  semi- 
circumference  ? 

2.  If  two  diameters  are  drawn  in  a  circle  at  right 
angles  to  each  other,  for  example,  AB^  CD^  Fig*  1,  how 
many  degrees  are  in  the  arcs  AD,  D-B,  BC^  OA  ? 

3.  Through  how  many  degrees  does  a  bicycle  wheel 
revolve  in  making  J  of  a  revolution  ? 

4.  The  earth  revolves  on  its  axis  in  24  hours.  Through 
how  many  degrees  does  it  revolve  in  1  hour  ? 

5.  Through  how  many  degrees  does  the  hour  hand  of 
a  clock  turn  in  1  hour  ?     in  3  hours  ?     in  6  hours  ? 

6.  Through  how  many  degrees  does  the  minute  hand  of 
a  clock  pass  in  1  hour  ?     in  2  hours  ?     in  6  hours  ? 

7.  An  arc  of  30°  is  what  part  of  a  quadrant  ?  of  a  cir- 
cumference ? 

8.  What  fraction  of  a  circumference  is  an  arc  of  45°  ? 
60°?  72°?  108°?  120°?  135°?  150°? 

9.  What  fraction  of  a  quadrant  is  an  arc  of  10°  ?  15°  ? 
20°?    18°?    36**?    54°?    72°?    75°? 

10.  What  fraction  of  a  right  angle  is  an  angle  of  7 J°  ? 
18°?    40°?    36°?    72°?    75°? 

11.  How  many  degrees  are  in  a  straight  angle  ?     How 
many  degrees  are  in  a  semicircumference  ? 

TIME   MEASURE 

189.  60  seconds  (sec.)  =  1  minute  (min.) 

60  minutes  =  1  hour  (hr.) 

24  hours  =  1  day  (da.) 

7  days  =  1  week  (wk.) 

365  days  =  1  common  year  (yr.) 

366  days  =  1  leap  year  (yr.) 
100  years  =  1  century. 
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There  are  twelve  calendar  months  in  a  year.     Their 
names  and  the  number  of  days  in  each  are : 


January  (Jan.)     ...    31  days  July 

Fehruary  (Feb.)  .    28  or  29  days  August  (Aug.)     . 

March  (Mar.)  ....    31  days  September  (Sept.) 

April  (Apr.)    ....    30  days  October  (Oct.)     . 

May 31  days  November  (Nov.) 

June 30  days  December  (Dec.) 


31  days 
31  days 

30  days 

31  days 

30  days 

31  days 


The  following  lines  will  enable  one  to  remember  the 
number  of  days  in  each  month : 

"  Thirty  days  hath  September, 
April,  June,  and  November, 
February  twenty-eight  alone. 
And  all  the  others  thirty-one ; 
But  leap  year,  coming  once  in  four, 
Gives  February  one  day  more." 

190.  A  day  is  the  standard  unit  of  time.  It  is  fixed  by 
nature,  and  is  of  the  same  duration  at  all  places  between 
the  Arctic  and  Antarctic  circles.  It  represents  the  period 
of  time  that  elapses  between  two  successive  passages  of 
the  sun  across  the  meridian  of  any  place. 

Another  natural  standard  of  time  is  the  period  from 
one  new  moon  to  the  next  new  moon,  called  a  lunar  month, 
and  a  third  is  the  period  of  the  revolution  of  the  earth  in 
its  orbit,  called  a  year. 

191.  The  length  of  a  year  is  365.24222  days,  or  365  da, 
5  hr.  48  min.  47  sec,  very  nearly. 

The  common  year  has  365  days.  This  difference 
between  the  length  of  the  common  year  and  of  the  actual, 
or  solar  year,  necessitates  the  introduction  of  leap  years. 

In  1  year  there  are  365.24222  days. 
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In  100  years  there  are  36524.222  days. 

In  400  years  there  are  146096.888  days  =  146,097  days, 
nearly. 

In  400  years  of  365  days  each  there  are  146,000  days. 
Hence  in  400  years  97  days  have  to  be  added  in  some 
way. 

By  adding  1  day  to  every  fourth  year,  and  designat- 
ing as  leap  years  those  denoted  by  numbers  exactly  divis- 
ible by  4,  we  would  have  100  leap  years  in  400  years. 
This  would  give  us  3  days  in  excess  every  4  centuries. 
To  balance  this  excess,  it  is  agreed  that  centennial  years 
are  not  to  be  considered  leap  years,  unless  the  number 
denoting  the  century  is  exactly  divisible  by  4.  Thus  the 
years  1700,  1800,  1900  were  not  leap  years,  because  17, 
18, 19,  the  numbers  denoting  the  centuries,  are  not  exactly 
divisible  by  4.  The  year  2000  will  be  a  leap  year,  20 
being  divisible  by  4. 

The  present  arrangement,  known  as  the  Gregorian  Cal- 
endar (from  Pope  Gregory  XIII)  still  contains  a  slight 
error.  Adding  97  days  to  the  common  years  in  every  400 
years  makes  the  average  length  of  a  year  365^^  days,  or 
expressed  decimally,  365.2425  days. 

The  length  of  a  solar  year  correct  to  five  decimal  figures 
is  365.24222  days.  Taking  the  difference  between  these 
two,  we  have  an  error  of  .00028  day  in  a  year.  In  about 
3600  years  this  error  will  amount  to  1  day. 

Since  the  beginning  and  the  end  of  a  year  are  not  marked 
by  such  obvious  phenomena  as  mark  the  beginning  and 
the  end  of  a  day,  the  question  of  determining  the  length 
of  the  year  to  a  close  degree  of  approximation  is  by  no 
means  a  simple  problem.  Accordingly  the  civil  year 
varied  in  length  with  different  peoples.  When  the  errors 
accumulated,  corrections  were  made.     One  of  the  most 
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important  efforts  to  get  the  true  length  of  the  solar  year 
was  that  of  Julius  Caesar  in  46  B.C.  After  much  effort  it 
was  decided  that  the  year  contained  365^  days. 

By  a  decree  of  Caesar,  every  fourth  year  was  to  have 
366  days ;  the  additional  day  was  to  be  added  to  February, 
and  the  remaining  months  were  to  have  80  and  81  days 
alternately.  This  is  what  is  known  as  the  Julian  Calen- 
dar. It  made  the  year  865.25  days.  Hence  the  year 
was  too  long  by  .00778  of  a  day.  In  400  years  this  error 
would  amount  to  3.112. 

When  Pope  Gregory  XIII  undertook,  in  1582,  the  cor- 
rection of  the  Julian  Calendar,  the  error  had  amounted  to 
10  days.  The  vernal  equinox  came  on  March  11  instead 
of  March  21.  To  even  up  matters,  the  day  following  the 
4th  of  October,  1582,  was  called  the  15th  of  October. 
This  made  the  vernal  equinox  occur  on  March  21,  the 
date  of  its  occurrence  in  A^D.  325. 

The  method  of  reckoning  time  by  the  Julian  Calendar 
is  known  as  the  Old  Style ;  that  by  the  Gregorian  Calen- 
dar is  called  the  New  Style.  Russia  still  adheres  to  the 
Old  Style. 

EXERCISE  84  (OraD 

1.  How  many  weeks  are  in  a  common  year  ? 

2.  How  many  minutes  are  in  a  day  ? 

3.  How  many  seconds  are  in  1  hour  ? 

4.  How  many  hours  are  in  1  week  ? 

5.  What  part  of  a  day  is  6  hours  ? 

6.  What  fraction  of  a  week  is  12  hours? 

7.  What  fraction  of  a  common  year  is  78  da.?  146  da.? 
219  da.?  292  da.? 
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8.  How  many  days  are  in  the  month  of  June  ?  July  ? 
August? 

9.  How  many  days  are  in  the  three  months,  March, 
April,  and  May? 

10.  How  many  minutes  are  in  |  of  an  hour?  in  |  of  an 
hour?  in  |  of  an  hour ? 

U.   What  part  of  a  day  is  8  hr.  ?  12  hr.  ?  3  hr.  ? 

12.  What  fraction  of  a  minute  is  15  sec.  ?  20  sec.  ? 
36  sec.  ?  54  sec.  ?  55  sec.  ?  18  sec.  ?  16  sec.  ?  24  sec.  ? 
36  sec? 

13.  When  will  leap  year  next  occur  ?  When  was  the 
last  leap  year  ? 

14.  How  many  leap  years  wiU  there  be  in  this  century  ? 
How  many  were  in  the  last  century  ?  How  many  were  in 
the  eighteenth  century  ? 

15.  The  Gregorian  Calendar  was  introduced  into  Eng- 
land in  1752.  The  day  following  Sept.  2  was  called 
Sept.  14.  How  many  days  were  in  the  English  civil 
year  1752? 

16.  How  many  days  will  there  be  in  the  present 
century  ? 

17.  How  many  days  are  there  between  March  1,  1903, 
and  March  1,  1907  ? 

18.  How  many  days  were  there  in  the  last  century? 

19.  How  many  days  are  there  between  Jan.  1,  1900, 
and  Jan.  1,  1904  ? 

20.  How  many  days  are  there  between  Feb.  1,  1904, 
and  Apr.  1,  1904  ? 

21.  How  many  days  are  there  in  400  consecutive  years  ? 


:«.iKP»:«cici>  i^ASTrrtK  ITi 


mgcyrr.AXEors  xeasike 


I  aisaet  ^bofi^y 

=  4>:k 

I  TfisaiaL  li  w^mK 

=  «>IK 

I  znaa&i  ?c  oafes 

=  3attv 

1  -ifsaht^  jf  rye 

=  51$  IK 

1  bnfi&i^  of  pottsocs  (Iixs^ii) 

=  «)IK 

1  b<KBieL  -X  poosoes  (sveiH) 

=  5$  IK 

1  hnAA  ol  bac^vlMl 

=  i$IK 

1  b«^el  of  bcmiB 

=  ^1K 

1  Im^pl  of  shelled  eorn 

=  o«IK 

lbi^riofp«as 

=  60  IK 

1  bosbel  of  eloTer  aeed 

=  $DIK 

1  Innel  of  floor 

=  196  IK 

1  hmml  of  pwk  or  be^ 

=  200  IK 

1  eental  of  grmin 

=  100  IK 

NUMBEBS  PAPEH  MKASVRK 

12  units  =  1  dooQi  (dos.)  ^  sheets  of  pciper  ==  1  qum 

12  dozen  =  1  gross  20  quires  =  1  reium 

12  gross  =  1  great  gross  2  reams  =  1  bundW 

20  units  =  1  score  5  bundles  =  1  bale 

TROY  WEIGHT 

24  grains  (gr.)    =  1  pennyweight  (pwt) 
20  pennyweights  =  1  ounce  (oi.) 
12  ounces  =  1  pound  (lb.) 

1  pound  Troy      =  5760  grains 

Troy  weight  is  used  in  weighing  precious  metals  and 
jewelry. 

(The  measures  in  this  paragraph  are  inserted  merely  for 
reference.) 
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REDUCTION  DESCENDING 
EXERCISE  85  (Written) 

1.  Reduce  1  sq.  mi.  to  square  rods. 

2.  Reduce  2^  sq.  mi.  to  acres. 

3.  Reduce  12  A.  to  square  feet. 

4.  Reduce  27  sq.  rd.  to  square  feet. 

5.  Reduce  3  mi.  50  rd.  to  feet. 

6.  Reduce  8  mi.  40  rd.  to  feet. 

7.  Reduce  2J  mi.  to  yards. 

8.  Reduce  3.75  mi.  to  yards. 

9.  Reduce  2.125  mi.  to  feet. 

10.  Reduce  25  cu.  yd.  to  cubic  feet. 

U.  Reduce  38  cu.  yd.  20  cu.  ft.  to  cubic  feet. 

12.  Reduce  17J  cu.  yd.  to  cubic  inches. 

13.  Reduce  18.75  cu.  yd.  to  cubic  feet. 

14.  Reduce  20.25  cu.  yd.  to  cubic  inches. 

15.  Reduce  2  gal.  2  qt.  to  quarts. 

16.  Reduce  5  gal.  3  qt.  to  quarts. 

17.  Reduce  3  gal.  1  pt.  to  pints. 

18.  Reduce  7  gal.  1  pt.  to  pints. 

19.  Reduce  19.25  gal.  to  pints. 

20.  Reduce  14|  gal.  to  pints. 

21.  Reduce  21.25  gal.  to  gills. 

22.  Reduce  10.75  gal.  to  pints. 

23.  Reduce  16.375  gal.  to  pints, 

24.  Reduce  3  gal.  2  qt.  1  pt.  3  gi.  to  gills. 

25.  Reduce  17.69  T.  to  pounds. 

26.  Reduce  17J  T.  to  pounds. 
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27.  Reduce  33.125  T.  to  pounds. 

28.  Reduce  14.875  T.  to  pounds. 

29.  How  many  pounds  Troy  measure  are  equivalent  to 
144  T.  Avoirdupois  ? 

30.  Reduce  4  bu.  to  quarts. 

31.  Reduce  SJ  bu.  to  quarts. 

32.  Reduce  3.625  bu.  to  quarts. 

33.  Reduce  7  pk.  to  quarts. 

34.  Reduce  7.375  pk.  to  quarts. 

35.  Reduce  18|  bu.  to  pints. 

36.  Reduce  13  bu.  3  qt.  to  pints. 

37.  Reduce  100  bu.  to  cubic  inches. 

38.  Reduce  9  gal.  to  cubic  inches. 

39.  How  many  gallons  are  equivalent  to  1  bu.  ? 

40.  Reduce  2|  mi.  to  feet. 

41.  Reduce  4.1875  mi.  to  feet. 

42.  Reduce  3.5625  mi.  to  yards. 

43.  Reduce  45  ch.  to  feet. 

44.  Reduce  125  ch.  to  feet. 

45.  Reduce  12  ch.  to  inches. 

EXERCISE  86  (Written) 

1.  Reduce  IB"*  20'  20"  to  seconds. 

2.  Reduce  a  quadrant  to  seconds. 

3.  Reduce  12°  5'  10"  to  seconds. 

4.  Reduce  14^°  to  minutes. 

5.  Reduce  7|®  to  seconds. 

6.  Reduce  120.3®  to  seconds. 

7.  Reduce  75.75°  to  minutes. 
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8.  Reduce  254.125®  to  minutes. 

9.  Reduce  45®  30'  20"  to  seconds. 

10.  Reduce  4J®  to  minutes ;  18|®  to  minutes. 

11.  Reduce  a  common  year  to  minutes. 

12.  Find  the  number  of  minutes  in  the  years  1903, 1904, 
1905. 

13.  Find  the  number  of  minutes  in  February,  1904. 

14.  Find  the  number  of  minutes  in  the  first  three  months 
of  the  year  1903;  also  in  the  first  three  months  of  the 
year  1904. 

15.  Find  the  number  of  seconds  in  a  solar  year,  con- 
sisting of  365  da.  5  hr.  48  min.  47  sec. 

16.  The  pulse  of  a  healthy  person  beats  70  times  a 
minute.  At  this  rate,  how  many  times  will  it  beat  in  a 
leap  year  ?  How  many  times  will  it  beat  in  the  four  suc- 
cessive years,  beginning  1904  ? 

17.  Reduce  30  wk.  6  da.  12  hr.  to  minutes. 

18.  Reduce  If  common  years  to  days. 

19.  Reduce  5^  wk.  to  hours. 

20.  Reduce  20.4  yr.  to  hours. 

21.  How  many  days  are  there  between  Jan.  30,  1902, 
and  Jan.  30,  1910? 

22.  Reduce  ^  of  a  circumference  to  degrees. 

23.  Reduce  |-^  of  a  straight  angle  tp  degrees. 

24.  Find  the  number  of  days  in  the  first  half  of  the 
twentieth  century. 

25.  Find  the  number  of  days  in  the  last  half  of  the 
nineteenth  century. 
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193.    Reduce  2,347,854  sq,  in,  to  higher  ile4)oi)uu^tiovm« 
12347854  sq-  in- 

^}78  8q.in. 


12 

12 

9 


11 
11 


195654 


16304 


1811  sq*  yd.  6  sq.  ft, 
4 


7244  quarter  sq.  yd, 
658  .  .  61 106  quarter  8q.  yd. 
69  ,  .  9J     or  2ii\  sq.  yd. 


2,347,864  sq.  in.  = 

69  sq.  rd.  26J  sq.  yd.     6  sq,  ft.    78  hcj,  tn. 
^sq.  yd.  a 2  sq.  ft.     Hil  m\,  Uu 

Hence  2,347,864  sq.  in.  = 

69  sq.  rd.  26  sq.  yd.  7  sq.  ft.  114  sq.  In, 

Step  1.  Reduce  the  square  inches  to  squara  hat  by 
dividing  by  the  two  equal  factors  of  144. 

Step  2.  Reduce  the  square  feet  to  »rjiuara  yards  by  dlvl^J- 
ing  by  9. 

Step  3.  Reduce  the  square  yards  to  squar<^  rtnU  by 
dividing  by  30J-  To  divide  by  *^|^  mulii|>ly  by  4  mnl 
divide  by  the  two  equal  factors  of  121^ 

Step  4-  Reduce  the  quarter  square  rods  U)  ^{imr^  ya^ds 
and  the  fraetion  of  a.  isquare  yard^ 

Step  5.  Coavert  ihe  i^rxa^xier  of  a  iwjuar<e  yard  i  Jiio  ^j  uam 
feet  and  wqwure  mdbaa,  &ad  ih^m  i^ubi^titute  its  valut;  uxid 
add. 


}53ad  lihe  a.bov^  aa?e  in^rtt>d  m^r^ly  a«  dU»ci- 
plinaiy  esfiDeaaau^ 


12. 

1,266,000''. 

13. 

2,000,000  sec. 

U. 

3,280,000  in. 

15. 

6,401,000  in. 

16. 

893,000  cu.  in. 

17. 

3,200,500  oz. 

18. 

4985  ft. 

19. 

10,240  rd. 

20. 

20,000,000  A. 

21. 

300,100  sq.  rd. 
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EXERCISE  87  (Written) 
Reduce  to  higher  denominations: 

1.  5,308,298  sq.  in. 

2.  2,100,293  sq.  in. 

3.  17,463,000  sq.  in. 

4.  234  pt.  liquid  measure. 

5.  2000  pt.  dry  measure. 

6.  3456  pt.  liquid  measure. 

7.  28,000  oz. 

8.  47,385  cu.  in. 

9.  94,000  lb.  of  wheat  to  bu. 

10.  33,000  lb.  of  oats  to  bu. 

11.  1,283,496  sec.     22.    490,000  gr.  to  lb.  Avoirdupois. 

23.  The  equatorial  diameter  of  the  earth  is  41,852,404  ft. 
Express  this  distance  in  miles  and  the  decimal  of  a  mile, 
correct  to  two  decimal  figures.     Arts.  7926.69  mi. 

24.  The  polar  diameter  of  the  earth  is  41,709,790  ft. 
What  is  the  polar  diameter  of  the  earth  in  miles,  correct 
to  two  decimal  points  ?     Aub.  7899.58  mi. 

25.  By  how  many  miles  does  the  equatorial  diameter 
exceed  the  polar  diameter  ? 

26.  The  circumference  of  a  circle  is  3.1416  times  the 
diameter,  (a)  From  the  data  in  Example  23  find  the 
length  of  the  equator.     Ans.  24902.18  mi. 

(6)  Find  the  length  of  a  degree  on  the  earth's  surface 
measured  on  the  equator.     Ans.  69.407  mi. 

(e)  Find  the  length  of  a  minute  of  an  arc  on  the 
equator. 
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27.  Light  takes  8  min.  18  sec.  to  come  from  the  sun  to 
the  earth.  The  mean  distance  of  the  sun  from  the  earth 
is  92,790,000  mi.     Find  the  velocity  of  light  per  second. 

28.  The  greatest  depth  of  the  Atlantic  Ocean  is  esti- 
mated at  27,366  ft.;  of  the  Pacific,  80,000  ft,;  of  the 
Southern  Ocean,  25,200  ft. ;  of  the  Indian  Ocean,  18,600  ft. 
Express  these  depths  in  miles  correct  to  two  decimal  figures. 


194.   Add: 

ml. 

M. 

7d.    It     la. 

3 

27 

4      2      7 

4 

98 

3    15 

7 

129 

2    0    9 

8 

211 

4    2  11 

9 

168 

2    2    6 

32 

816 

IJ  1    1 
1    6 

v. 

V 


32    316    1     2    7 

Step  1.  Adding  the  numbers  in  the  right-hand  column, 
we  get  87  in.  «=  3  ft.  1  in.  Write  1  in  the  column  for 
inches,  and  carry  3  ft.  to  the  next  column. 

Step  2.  Adding  the  second  column,  we  get  10  ft.  =  3  yd. 
1  ft.     Write  1  ft.  and  carry  the  3  yd. 

Step  3.  Adding  the  next  column,  we  get  18  yd.  =  36 
half  yd.  =  3  rd.  and  3  half  yd.  =  3  rd.  1 J  yd.  Write  IJ  yd. 
and  carry  3  rd.  to  the  next  column. 

Step  4.  Adding  the  rods,  we  get  636  rd.  =  1  mi.  316  rd. 
Write  316  rd.  and  carry  1  mi.  Adding  the  miles,  we  get 
32  mi. 

Step  5.  In  place  of  \  yd.  we  substitute  its  value,  1  ft. 
6  in.     Adding  this  quantity,  we  get  the  final  result. 
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In  adding  compound  quantitieB,  proceed  as  follows : 

Step  1.  Arrange  the  quantities  so  that  units  of  the  same 
denomination  stand  in  the  same  vertical  column,  the 
highest  denomination  being  written  first,  the  next  to 
the  highest  second,  and  so  on. 

Step  2.  Beginning  with  the  right-hand  column,  add  the 
numbers  in  it,  and  divide  their  sum  by  the  number  of  units 
which  makes  one  unit  of  the  next  higher  denomination. 
Write  the  remainder  in  the  right-hand  column,  and  carry 
the  quotient  to  the  next  column. 

Step  3.  Treat  the  next  column  to  the  left  in  the  same 
manner.  The  remaining  columns  are  dealt  with  in  the 
same  way. 

EXERCISE  88  (Written) 
LINEAR  MEASURE 

Add :  1.  2.  .  3. 

yd.     ft.     in.  rd.       yd.  mi.        rd. 


9  0  8 

806  5 

75  124 

11  2  4 

234  1 

82  802 

6  1  10 

187  4 

19  190 

5  0  6 

249  4 

85   16 

3  2  2 

198  3 

109  298 

7  0  10 

105  3 

56  214 

4. 

5. 

6. 

yd.   ft.  In. 

yd.  ft.  in. 

rd.   yd. 

26   1   6 

5  1  11 

291  4 

83  2  6 

3  12 

77  2 

20.  1  0 

4  18 

208  3 

70  1  9 

11  2  5 

96  3 

104  2  3 

17  1  8 

264  4 

127  1  9 

21  0  9 

193  3 

rt 


coflcpocxo  *iCAXTrrt»^  l^ 


SQCAK£  XE.&SnU 

L 

T. 

•> 

! 

k 

A. 

»fr"t 

JL    at-i^. 

1. 

JH  **- 

76 

144 

33    79 

12T 

8}t 

85 

131 

173     27 

192 

W 

37 

33 

254    28 

238 

M 

63 

9d 

45    58 

413 

2:» 

54 

77 

28     68 

92 

84 

48 

136 

236    56 

127 

5a 

10 

u. 

la. 

•q-yd.  tq-ft 

.  «>.ta. 

sq.yd.  tq.fU    «|.ln. 

•q.nl, 

•M.  ril, 

«q.l». 

18      7 

34 

15     7      72 

18 

14 

4 

19     2 

83 

28      3      92 

9 

2 

7 

15     7 

81 

17      8      76 

8 

6 

4 

29     8 

50 

18     2     14 

29 

29 

N 

19     2 

75 

17      8     74 

17 

4 

» 

74      8 

24 

78      8      21 

* 

CAPACITY 

13.  Add:  2  gal.  3  qt.  1  pt.,  8  gaL  2  qt,  1  {ri^t  A  gnl.  2 
qt.  1  pt.,  4  gal.  2  qt.  1  pt. 

14.  Add:  7  gal.  2  qt.  1  pt,,  9  gaL  ?  qt,,  4  gaL  t  qL  ( 
pt.,  6  gal.  3  qt.  1  pt.,  9  gal.  1  pt,^  7  ^^I'  1  |>t, 

15.  Add:  3  hfa.  3  pk.  5  qt,,  4  hu.  2  pk,  4  qf,,,  '^  f"'-  2 
pk.  7  qt.,  9  bu.  7  qt.,  8  bn.  2  pic,  ?  qt,,  «  hu,  ^  pk,  2  qt, 

16.  Add:  4  ba,  7  qt.,  Z  bn,  4  pk,  K  qt„,  7  bu.  2  pk,  K 
qt.,  8  biu  3  qt.,  9  bu.  2  pk,  $  qt„  (  hu,  ^  pic,  2  '',*;, 

17.  Add:  17  gal.  1  pt..  II  $?;*;,  2  ^*,,  1  p*.,  2  ;f,4».  2  ^^ 

1  pt.,  15  gaL  1  pc  IS  ^1,  I  ^*,  I  ;^t,,  I  ^  ^f^j,  ^  /'*^    I  / 
la  Add:  14  biu  2  pir.  7  y,.  STf  v».  '^  >vr   /,  //-,     /;  :v» 

2  pk.  6  qt.y  39  btt.  »i  \z^  2^  vu  -^  /r  ,17   ,o    2  ;,'/    ^  ^  . 
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19.  Add:  38  bu.  3  pk.  2  qt.,  16  bu.  2  pk.  1  qt.,  28  bu. 
3  pk.  7  qt.,  3  bu.  7  qt.,  5  bu.  3  pk.,  24  bu.  2  pk.  2  qt. 

20.  Add :  15  bu.  5  qt.,  12  bu.  3  pk.,  17  bu.  7  qt.,  18  bu. 
6  qt.,  29  bu.  2  pk.  3  qt.,  71  bu.  3  pk.  2  qt.,  18  bu.  3  pk. 

AVOIRDUPOIS  WEIGHT 

21.  Add :  20  T.  216  lb.,  18  T.  425  lb.,  17  T.  328  lb., 
92  T.  411  lb. 

22.  Add:  384  lb.  12  oz.,  125  lb.  15  oz.,  82  lb.  14  oz., 
73  lb.  11  oz. 

.  23.  Add:  425  lb.  10  oz.,  17  lb.  14  oz.,  30  lb.  12  oz., 
72  lb.  9  oz. 

24.  Add :  15  T.  290  lb.,  17  T.  184  lb.,  12  T.  127  lb., 
15  T.  9  lb.,   18  T.  18  lb. 

25.  Add :  18  lb.  8  oz.,  64  lb.  7  oz.,  82  lb.  6  oz.,  90  lb. 
5  oz.,   16  lb.  13  oz. 

26.  Add:  16  T.  175  lb.,  71  T.  29  lb.,  28  T.  245  lb., 
97  T.  159  lb.,  13  T.  1300  lb. 

TIME 

27.  Add:  5  da.  4  hr.  15  min.,  17  da.  17  hr.  17  min., 
92  da.  14  hr.  14  min.,  27  da.  23  hr.  12  min.,  29  da.  16  hr. 
14  min.,  45  da.  15  hr.  18  min. 

28.  Add :  4  wk.  5  da.  7  hr.,  9  wk.  6  da.  11  hr.,  18  wk. 

5  da.  12  hr.,  23  wk.  11  hr.,  28  wk.  4  da.  4  hr.,  73  wk. 

6  da.  19  hr.,  82  wk.  5  da.  21  hr. 

29.  Add :  20  hr.  30  min.  18  sec,  17  hr.  45  min.  37  sec, 
14  hr.  18  min.  18  sec,  14  hr.  12  min.  12  sec,  9  hr.  48 
min.  48  sec,  8  hr.  39  min.  39  sec 

30.  Add :  12  da.  17  hr.  44  min.,  16  da.  18  hr.  18  min., 
31  da.  19  hr.  19  min.,  33  da.  21  hr.  27  min.,  12  da.  12  hr. 
36  min.,  34  da.  20  hr.  23  min. 
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ai.  Add :  3  wk.  5  da.  23  hr.,  8  wk.  6  da.  16  hr.,  9  wk. 
5  da.  18  hr.,  4  wk.  4  da.  14  hr.,  10  wk.  6  da.  13  hr., 
8  wk.  4  da.  14  hr. 

32.  Add:  14  hr.  14  min.  14  sec,  9  hr.  54  min.  38  sec, 
11  hr.  12  min.  19  sec,  4  hr.  31  min.  27  sec,  6  hr.  45  min. 
43  sec,  8  hr.  41  min.  42  sec 

VOLUME 

33.  Add:  4  cu.  ft.  1421  cu.  in.,  9  cu.  ft.  294  cu.  in., 
18  cu.  ft.  998  cu.  in.,  7  cu.  ft.  778  cu.  in.,  9  cu.  ft.  499 
cu.  in.,  15  cu.  ft.  498  cu.  in. 

34.  Add :  27  cu.  yd.  19  cu.  ft.,  84  cu.  yd.  24  cu.  ft., 
87  cu.  yd.  19  cu.  ft.,  16  cu.  yd.  22  cu.  ft.,  55  cu.  yd. 
17  cu.  ft.,   34  cu.  yd.  16  cu.  ft. 

35.  Add:  37  cu.  yd.  18  cu.  ft.,  38  cu.  yd.  26  cu.  ft., 
49  cu.  yd.  25  cu.  ft.,   62  cu.  yd.  26  cu.  ft.,   77  cu.  yd. 

17  cu.  ft.,  94  cu.  yd.  28  cu.  ft. 

36.  Add:  15  cu.  ft.  578  cu.  in.,   18  cu.  ft.  902  cu.  in., 

18  cu.  ft.  978  cu.  in.,  15  cu.  ft.  293  cu.  in.,   9  cu.  ft, 
1727  cu.  in. 

37.  Add:  7  cu.  yd.  21  cu.  ft.,  29  cu.  yd.  24  cu.  ft., 
24  cu.  yd.  18  cu.  ft.,  34  cu.  yd.  9  cu.  ft.,    16  cu.  yd. 

19  cu.  ft.,   83  cu.  yd.  17  cu.  ft. 

^    38.   How  many  cubic  inches  are  in  1  qt.  dry  measure  ? 
in  1  qt.  liquid  measure  ?    in  1  pk.  ? 

39.  (a)  The  British  imperial  gallon  contains  277.274 
cu.  in.  This  quantity  of  distilled  water  weighs  10  lb. 
Calculate  in  ounces  the  weight  of  1  cu.  ft.  of  water. 

(6)  How  many  of  our  gallons  are  equivalent  to  100 
imperial  gallons? 

40.  How  many  liquid  quarts  would  it  take  to  fill  a 
bushel  measure? 


186  '       ARITHMETIC 

SUBTRACTION 

195.  From  19  sq.  yd.  6  sq.  ft.  20  sq.  in,  take  14  sq.yd. 
7  sq.  ft.  45  sq.  in. 

sq.  yd.  sq.  ft.  sq.  in. 

19  5  20 

14  7  45 

4  6  119 

Step  1.  Write  the  quantities  so  that  units  of  the  same 
denomination  are  in  the  same  column. 

Step  2.  Find  what  concrete  quantity  added  to  45  sq.  in. 
will  give  1  sq.  ft.  20  sq.  in.,  i.e.  164  sq.  in.  Write  the 
remainder,  119  sq.  in.,  in  the  column  for  square  inches. 
Carry  1  sq.  ft. 

Step  3.  Find  what  concrete  quantity  added  to  8  sq.  ft. 
will  give  1  sq.  yd.  5  sq.  ft.,  i.e.  14  sq.  ft.  Write  the  re- 
mainder, 6,  sq.  ft.,  in  the  column  for  square  feet.  Carry 
1  sq.  yd. 

Step  4.  Find  the  difference  between  15  sq.  yd.  and  19 
sq.  yd.  and  write  it  in  its  proper  place. 

EXERCISE  89  (Written) 
CIRCULAR  OR  ANGULAR   MEASURE 

1.  Subtract  5^  12'  13"  from  84"  14'  30". 

2.  Subtract  19°  14'  14"  from  27"  15'  10". 

3.  Subtract  38°  15'  45"  from  90"  10'  10". 

4.  Subtract  54"  14'  54"  from  172"  0'  19". 

5.  Subtract  84"  5'  15"  from  90°. 

6.  Subtract  113"  13'  51"  from  180". 

7.  Subtract  94"  53'  50"  from  180". 
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8.  Subtnet  8r  15'  from  133*  12'- 

9.  Subtract  119"  54' 17"  from  180\ 

la  Subtract  15*  14'  17"  from  94"  14'  7"- 

u.  The  tropic  of  Cancer  is  23"  27'  6"  north  of  the  equa- 
tor ;  the  Aictic  circle  is  23*  27'  6"  south  of  the  north  pole- 
Find  the  width  of  the  north  temperate  zone. 

CAPAcnr 

12.  From  3  bu.  2  pk.  4  qt.  take  1  bu.  2  pk.  5  qt. 

13.  From  12  gal.  3  qt.  1  pt.  take  4  ^.  3  qt. 

14.  From  11  gal.  take  4  gal.  3  qt.  1  pt. 

15.  From  17  gal.  take  11  gal.  1  qt.  1  pt. 

16.  From  37  bu.  2  pk.  4  qt.  take  17  bu.  3  pk.  7  qt. 

17.  From  29  bu.  1  pk.  2  qt.  take  19  bu.  3  pk.  5  qt. 

18.  From  37  gal.  take  17  gal.  1  qt.  1  pt. 

19.  From  134  gal.  take  112  gal.  3  qt.  1  pt. 

20.  From  IJ  gal.  take  |  gal.  and  express  the  result  in 
quarts. 

21.  From  1|  bu.  take  |  bu.  and  express  the  result  in 
quarts. 

22.  From  5 J  bu.  take  1|  bu.  and  express  the  result  in 
quarts. 

TIME 

23.  From  3  da.  4  hr.  11  min.  take  1  da.  7  hr.  14  min. 

24.  From  11  da.  5  hr.  10  min.  take  4  da.  11  hr,  19  min, 

25.  Almanacs  give  the  time  of  sunrise  in  Florida, 
Louisiana,  and  Texas  on  March  5  as  6.22  a.m.,  and 
that  of  sunset  as  6.2  p.m.  Find  the  length  of  the 
day. 
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26.  (a)  In  southern  New  York  the  sun  rises  on  June  22 
at  4.29  A.M.  and  sets  at  7.34  p.m.  Find  in  hours  and 
minutes  the  length  of  the  longest  day  in  southern  New 
York.  (6)  On  the  same  date  the  sun  rises  in  places  near 
the  32d  parallel,  at  4.59  A.M.  and  sets  at  7.4  p.m.  Find 
the  time  from  sunrise  to  sunset. 

27.  The  moon's  phases  for  places  near  the  90th  meridian 
are  for  June,  1903 : 

First  Quarter  2  da.  7  hr.  24  min.  a.m. 
Full  Moon  9  da.  9  hr.  8  min.  p.m. 
Last  Quarter  18  da.  0  hr.  44  min.  a.m. 
New  Moon       25  da.  0  hr.  11  min.  A.M. 

(a)  Find  the  time  from  First  Quarter  to  Full  Moon. 
(6)   Find  the  time  from  Full  Moon  to  Last  Quarter, 
(c)   Find  the  time  from  Full  Moon  to  New  Moon. 

28.  On  Aug.  1,  1903,  the  sun  crosses  the  meridian  at 
6  min.  11  sec.  past  12  o'clock ;  on  Sept.  2,  1903,  it  crosses 
at  59  min.  52  sec.  past  11  o'clock.  How  many  minutes 
and  seconds  earlier  does  the  sun  come  to  the  meridian  on 
Sept.  2  than  on  Aug.  1  ? 

29.  The  equation  of  time  is  the  difference  between  the 
time  indicated  by  a  sundial  and  that  of  a  clock  keeping 
correct  time.  On  Nov.  6,  when  it  is  noon  by  the  clock, 
it  is  43  min.  and  42  sec.  past  11  by  the  sundial.  Find 
the  equation  of  time  Nov.  6. 

30.  The  planet  Venus  rises  in  New  Orleans  on  Nov. 
1,  1903  at  8.14  P.M.,  and  at  New  York  City  it  rises  on 
the  same  day  at  7.41  p.m.  How  many  minutes  earlier  is 
Venus  visible  in  New  York  City  than  in  New  Orleans  on 
that  date  ? 


1901 

mo. 

1 

22 

1880 

8 

27 

20        4        25 
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31.  On  April  1,  1903,  the  moon  rose  at  10.28  p.m.  On 
April  4  following,  it  rose  at  12.28  a.m.  How  many 
hours  and  minutes  eariier  did  it  rise  on  April  1  than  on 
April  4? 

196.  Time  between  events  happening  in  two  different 
years. 

Mmmple.  How  many  years,  months,  and  days  were 
between  Aug.  27,  1880,  and  Jan.  22,  1901  ? 

Since  January  is  the  first  month  of 

the  year   and   August  is  the   eighth 

month  of  the  year,  we  write  1  instead 

of  January  and  8  instead  of  August. 

In  finding  the  difference,  a  month  is  taken  as  80  days. 

The  work  is  then  performed   as   in  the  subtraction  of 

^compound  quantities. 

EXERCISE  90  (Written) 

1.  The  battle  of  New  Orleans  was  fought  on  Jan.  8, 
1815.  Find  the  time  from  that  date  to  the  present 
day. 

2.  The  first  telegraph  message  was  sent  by  Professor 
Morse  on  May  24,  1844.  Find  the  time  from  that  date 
to  the  present  day. 

3.  The  Spanish  fleet  under  Cervera  was  destroyed  near 
Santiago  on  July  3,  1898.  Find  the  time  from  that  date 
to  Feb.  1, 1903. 

4.  The  Mecklenberg  Declaration  of  Independence  was 
signed  May  20,  1775.  Find  the  time  from  this  date  to 
the  surrender  of  Comwallis,  Oct.  19,  1781. 
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5.   The  following  named  men  were  born  and  died  on 
the  dates  specified.     Find  how  long  each  lived. 


Born 

Died 

John  Milton  .... 

Dec. 

9, 1608. 

Nov. 

8,  1674. 

Alexander  Pope      .     . 

May 

21,  1688. 

May- 

30,  1744 

William  Shakespeare  . 

April 

23,  1564. 

April 

23, 1616 

Edmund  Burke .     .     . 

Jan. 

12,  1730. 

July 

9, 1797 

Robert  E.  Lee   .     .     . 

Jan. 

19,  1807. 

Oct. 

12,  1870 

U.  S.  Grant  .... 

April 

27,  1822. 

July 

23,  1885 

Oliver  Goldsmith   .     . 

Nov. 

10,  1728. 

April 

4,  1774. 

Benjamin  Franklin 

Jan. 

17,  1706. 

April 

17,  1790. 

Alexander  Hamilton   . 

Jan. 

11,  1757. 

July 

12, 1804. 

H.  W.  Longfellow      . 

Feb. 

27, 1807. 

March  24, 1882. 

J.  H.  Newman  .     .     . 

Feb. 

21,  1801. 

Aug. 

11, 1890. 

W.  E.  Gladstone    .     . 

Dec. 

9, 1809. 

May 

19,  1898. 

MULTIPLICATION 

197.    Multiply  5  yd.  2  ft.  10  in.  by  7. 

y^-       ^'         *°-        Multiply  10  in.  by  7  and  we  get  70  in. 
^         2         10     =  5  ft.  10  in.     Write  10  in.  and  carry 
_1    5  ft.     7  times  2  ft.  are  14  ft.    14  ft.  and 


41  1  10  5  ft.  =  19  ft.  =  6  yd.  1  ft.  Write  1  ft. 
Carry  6  yd.  7  times  5  yd.  are  35  yd.  35  yd.  and  6  yd. 
=  41  yd. 

EXERCISE  91  (Written) 

1.  Multiply  4  yd.  2  ft.  3  in.  by  9. 

2.  Multiply  6  yd.  1  ft.  9  in.  by  11. 

3.  Multiply  9  yd.  2  ft.  11  in.  by  8. 

4.  Multiply  3  bu.  2  pk.  7  qt.  by  7. 

5.  Multiply  4  bu.  1  pk.  6  qt.  by  12. 
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6.  Multiply  9  gal.  3  qt.  1  pt.  by  6. 

7.  Multiply  6  gal.  2  qt.  1  pt.  by  12. 

8.  Multiply  3  bu.  3  pk.  7  qt.  by  7. 

9.  Multiply  12  T.  400  lb.  by  12. 
10.  Multiply  13  T.  387  lb.  by  9. 
n.  Multiply  17  T.  254  lb.  by  10. 

12.  Multiply  5°  29'  28"  by  16. 

13.  Multiply  16°  38'  32"  by  15. 

14.  Multiply  15  da.  10  hr.  14  min.  by  9. 

15.  Multiply  12  da.  9  hr.  18  min.  by  8. 

16.  Multiply  16  sq.  yd.  8  sq.  ft.  135  sq.  in.  by  7, 

17.  Multiply  84  ch.  85  1.  by  18. 

18.  Multiply  16  ch.  64  1.  by  24. 

19.  Multiply  64  A.  150  sq.  rd.  by  12. 

20.  Multiply  15  A.  27  sq.  rd.  by  11. 

21.  Multiply  16  sq.  yd.  7  sq.  ft.  84  sq.  in.  by  9. 

22.  Multiply  16  T.  250  lb.  by  8. 

23.  Multiply  18°  9'  54"  by  14. 

24.  Multiply  I  T.  by  9  and  express  the  result  in  pounds. 

25.  Multiply  f  mi.  by  19  and  give  the  result  in  feet. 

DIVISION 

198.   Divide  97°  10'  50"  by  8. 
Q\qno     -lAf     f^fiff  The  eighth  part  of  97°  is  12°  with 

190       Q^     ^11//     ^   remainder   of    1°.      1°  10'  =  70'. 
^  *       The  eighth  part  of  70'  is  8'  with  a 
remainder  of  6'.     6'  50"  =  410".     8  into  410  goes  51 J 
times. 
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EXERCISE  92  (Written) 

1  Divide  12  T.  385  lb.  by  5. 

2.  Divide  93  T.  297  lb.  by  9. 

3.  Divide  21  yd.  2  ft.  8  in.  by  9. 

4.  Divide,93°15'16"by7. 

5.  Divide  84°  14'  14"  by  12. 

6.  Divide  98  ch.  46  1.  by  9. 

7.  Divide  45  ch.  84  1.  by  8. 

8.  Divide  34  yd.  2  ft.  8  in.  by  6. 

9.  Divide  77  yd.  2  ft.  4  in.  by  7. 

10.  Divide  13  bn,  3  pk.  4  qt.  by  6. 

11.  If  4  oxen  weigh  3  T.  15  cwt.,  find  the  average 
weight  of  each. 

12.  How  often  is  231  cu.  in.  contained  in  1  cu.  ft.  582 
cu.  in.? 

13.  How  often  is  7  yd.  1  ft.  contained  in  a  mile  ? 

14.  If  a  link  is  the  unit  of  measurement,  what  number 
would  represent  1  mi.  ? 

15.  If  16  sq.  yd.  is  the  unit  of  surface  measure,  what 
concrete  quantity  would  represent  1  sq.  mi.  ? 

16.  A  meter  is  39.37  in.  nearly.  How  many  meters 
equal  1  mi.  ? 

17.  The  angular  unit  in  analysis  is  206265"  nearly. 
Find,  correct  to  four  decimal  figures,  the  value  of  a 
straight  angle  expressed  in  terms  of  this  unit. 

18.  The  planet  Mercury  revolves  around  the  sun  in 
88  da.,  in  an  orbit  nearly  circular.  Find  in  degrees, 
minutes,  and  seconds  its  daily  progress. 

19.  Civil  engineers  use  a  chain  100  ft.  long.  How 
many  of  these  chains  are  in  5  mi.  ? 
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199.  Example  l.     Reduce  .875  yd.  to  feet  and  inches. 
.875  yd. 

3 
2.625  ft. 
12 


7.500  in. 
.875  yd.  =  2  ft.  7.5  in. 
Example  2.     Reduce  ^  bu.  ta  lower  denominations. 
^  bu.  =3^  of  4  pk.  =  1  pk,  =  2\  pk. 
i  pk.=  J  of  8qt.  =  f  qt.  =  2}qt. 
f    qt.=  f  of  2pt.  =  |pt.  =  lipt. 
Hence,  3!^  bu.  =  2  pk.  2  qt.  1 J  pt. 

EXERCISE  93  (Written) 

1.  Reduce  J  T.  to  pounds. 

2.  Reduce  .15®  to  minutes. 

3.  Reduce  ^  da.  to  hours  and  minutes. 

4.  Reduce  .2345  T.  to  pounds. 

5.  Reduce  .95  da.  to  hours  and  minutes. 

6.  Reduce  .875  bu.  to  quarts. 

7.  Reduce  18.4  mi.  to  feet. 

8.  Reduce  -^  mi.  to  yards. 

9.  Reduce  .1875  mi.  to  rods. 
10.  Reduce  15|°  to  minutes. 

U^   Reduce  f  of  a  common  year  to  days  and  hours. 

12.  Reduce  .3125  of  a  common  year  to  days,  hours,  and 
minutes. 

13.  Reduce  .45  bu.  to  lower  denominations. 

14.  Reduce  f  of  a  gallon  to  lower  denominations. 

15.  Reduce  .85  of  an  acre  to  square  rods. 

o 
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16.  Reduce  .273  sq.  yd.  to  square  feet  and  square  inches. 

17.  Reduce  .328  mi.  to  lower  denominations. 

18.  Reduce  .756  mi.  to  lower  denominations. 

19.  Reduce  -^  of  a  common  year  to  lower  denominations. 

20.  Reduce  216  da.  to  the  fraction  of  a  common  year. 

21.  Reduce  292  da.  to  the  decimal  of  a  common  year. 

22.  Reduce  .575  of  a  leap  year  to  lower  denominations. 

23.  Reduce  .345  of  a  mile  to  feet. 

24.  Reduce  JJ  of  an  acre  to  square  yards. 

25.  Reduce  |^  of  an  acre  to  square  yards. 

26.  Reduce  ^|  bu.  to  quarts. 

27.  Reduce  -^  gal.  to  pints. 

REDUCTION  DESCENDING 

28.  Reduce  \^  of  a  nautical  mile  to  feet. 

29.  Reduce  ^  cwt.  to  pounds  and  ounces. 

30.  Reduce  |J  of  a  day  to  hours  and  minutes. 

31.  Reduce  .265  da.  to  lower  denominations. 

32.  Reduce  |  of  a  right  angle  to  degrees  and  minutea. 

33.  Reduce   .56  of  a  straight  angle  to   degrees   and 

minutes. 

EXERCISE  94  (Oral) 

1.  What  part  of  1  yd.  is^  1  in.  ?     What  part  of  1  yd. 
is  6  in.  ? 

2.  What  part  of  1  yd.  is  18  in.  ?     What  part  of  1  yd. 
is  1  ft.  6  in.  ? 

3.  What  fraction  of  1  yd.  is  2  ft.  3  in.  ?   2  ft.  6  in.  ? 
1  ft.  9  in.  ? 

4.  What  part  of  1  A.  is  80  sq.  rd.  ?    32  sq.  rd.  ?    16 
sq.  rd.  ? 
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5.  What  part  of  1  bu.  is  16  qt.  ?  4  qt.  ? 

6.  What  fraction  of  1  bu.  is  2  pk.  4  qt.  ? 

7.  What  fraction  of  r  is  15' ?   20'?   25'?   36'?   48'? 

8.  What  fraction  of  1^  is  7 J'  ?  8f  ?   6f '  ?   18'  ? 

9.  What  fraction  of  1  da.  is  4^  hr.  ?    7J  hr.  ?    2|  hr.  ? 
10.  What  fraction  of  1  da.  is  6  hr.  ?   18  hr.  ?   20  hr.  ? 
li.  What  fraction  of  a  square  mile  is  160  A.  ?   120  A.  ? 

480  A.  ? 

12.  What  fraction  of  a  gallon  is  1  qt.  ?  1  qt.  1  pt.  ? 
2  qt.  1  pt.  ? 

13.  What  fraction  of  a  mile  is  10  ch.  ?  15  ch.  ?  25  ch.  ? 
50  ch.  ? 

14.  Reduce  3J  da.  to  the  fraction  of  1  wk.  ? 

15.  What  fraction  of  1  wk.  is  2^  da.  ?  4J  da.  ?  5^  da.  ? 
2^  da.  ? 

16.  What  fraction  of  1  yr.  is  9  mo.  ?  4J  mo.  ?  2|  mo.  ? 
l^mo.? 

17.  What  fraction  of  1  cu.  yd.  is  6  cu.  ft.  ?  6|  cu.  ft.  ? 
3|  cu.  ft.  ? 

18.  What  fraction  of  1  sq.  yd.  is  2J  sq.  ft.  ?  2  sq.  ft.  ? 
36  sq.  in.?  4J  sq.  ft.?  4  sq.  ft.  ?  72  sq.  in.  ?  2 J  sq.  ft.  ? 
2sq.  ft.?   48  sq.  in.? 

200.   Example  1.    Express  27  rd.  4  yd.  2  ft.  as  a  fraction 
of  1  mi. 
27  rd.  4  yd.  2  ft. 
^^  1  mi.  =  5280  ft. 

of  1  mi. 
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27  rd.  4  yd.  2  ft.  -  ^f ?^  ( 
'                 5280 

162J  yd. 
8 

919 
10660 

of  1  mi. 
459J  ft. 
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To  ezproBB  one  compound  quantity  as  a  fcmotion  of  another 
compound  quantity,  or  as  a  fkractioa  of  a  simple  concrete 
quantity,  reduce  both  to  simple  concrete  quaiititie8  of  the 
same  denomination  and  then  divide  the  quantity  to  be 
expressed  in  terms  of  the  other  quantity,  by  the  other 
quantity. 

Example  2.  Express  2  yd.  2  ft.  8  in.  as  a  decimal  of 
1  mi. 

Step  1.     Express  2  yd.  2  ft.  8  in.  as  a  fraction  of  1  mi. 

Step  2.     Reduce  this  fraction  to  a  decimal. 

EXERCISE  95  (Written) 

1.  Reduce  4400  ft.  to  the  decimal  of  1  mi. 

2.  Reduce  293  yd.  1  ft.  to  the  decimal  of  1  mi. 

3.  Reduce  117  yd.  1  ft.  to  the  decimal  of  1  mi, 

4.  Reduce  1  qt.  1  pt.  to  the  decimal  of  a  gallon. 

5.  Reduce  1  pk.  6  qt.  to  the  decimal  of  1  bu. 

6.  Reduce  2  pk.  2  qt.  to  the  decimal  of  1  bu. 

7.  Reduce  3  pk.  1  qt.  1  pt.  to  the  decimal  of  1  bu. 

8.  Reduce  1\  in.  to  the  decimal  of  1  ft. 

9.  Reduce  2.34  in.  to  the  decimal  of  1  ft. 

la  Reduce  8^  15'  to  the  fraction  of  a  right  angle* 

11.  Express  in  degrees  4°  16'  30". 

12.  What  fraction  of  1  mi.  is  83  ft.  4  in.  ? 

13.  What  fraction  of  1  mi.  is  660  ft.  ? 

14.  What  fraction  of  1  T.  is  125  lb.  ? 

15.  What  fraction  of  1  T.  is  437^  lb.  ? 

16.  What  decimal  of  1  T.  is  1312  lb.  ? 

17.  Reduce  to  the  decimal  of  a  ton  3  cwt.  12  lb.  8  OB. 


COMPOUND  QUANTITIES  ^  197 

18.  Reduce  2  cwt.  22  lb.  3|  oz.  to  the  decimal  of  a  ton. 

19.  What  decimal  of  a  long  ton  is  560  lb.  ? 

20.  Express  decimally  1  long  ton  in  terms  of  a  short  ton. 

21.  Express  decimally  a  short  ton  in  terms  of  a  long  ton. 

22.  What  fraction  of  1  T.  is  the  weight  of  6 J  bu.  of 
wheat  ? 

23.  Give  the  weights  of  1  bu.  of  wheat,  of  1  bu.  of 
barley,  and  of  1  bu.  of  oats,  as  decimals  of  a  ton. 

24.  Express,  in  its  simplest  form,  22'  30"  as  a  fraction 
ofr. 

25.  Express,  in  its  simplest  form,  5'  87^"  as  a  fraction 

of  r. 

26.  Reduce  4  hr.  48  min.  to  the  decimal  of  1  da. 

27.  Reduce  1  hr.  36  min.  to  the  decimal  of  1  da. 

28.  Reduce  6  cu.  ft.  1296  cu.  in.  to  the  decimal  of  1 
cu.  yd. 

29.  ■  Reduce  4  cu.  ft.  864  cu.  in.  to  the  decimal  of  1  cu. 
yd.     Give  the  result  also  as  a  common  fraction. 

30.  Reduce  1  da.  18  hr.  to  the  decimal  of  1  wk. 

3i.   Reduce  1  da.  9  hr.  36  min.  to  the  decimal  of  1  wk. 

32.  Reduce  4  da.  4  hr.  48  min.  to  the  decimal  of  1  wk. 

33.  Reducer  18  wk.  1  da.  6  hr.  to  the  decimal  of  1  com- 
mon year. 

34.  Reduce  2|  mo.  to  the  fraction  of  a  year. 

35.  The  planets,  Mercury,  Venus,  Mars,  and  Jupiter, 
revolve  around  the  sun  in  periods  of  87.97,  224.7,  686.96. 
4882.58  days  respectively.  Express  each  of  these  periods 
in  terms  of  our  common  year. 
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AREAS  OF  RECTANGLES 
EXERCISE  96  (Written) 

1.  Find  the  number  of  acres  in  the  area  of  a  rectangle 
whose  dimensions  are  360  ft.  and  121  ft. 

2.  Find  the  area,  in  acres,  of  a  rectangle  1321  ft.  by 
720  ft. 

3.  Find,  in  acres,  the  area   of  a  rectangular  plot  of 
ground  201  yd.  by  10  rd.  5  yd. 


6 

5 

4 

3 

2 

1 

7 

8 

9 

10 

11 

12 

18 

17 

16 

15 

14 

13 

19 

20 

21 

22 

23 

24 

30 

29 

28 

27 

26 

25 

31 

32 

33 

34 

35 

36 

Fia.  1. 


4.  Find  the  acreage  of  a  rectangular  farm  240  rd.  long 
by  61  rd.  1  yd.  2  ft.  6  in.  wide. 

5.  A  -railway    company    acquires    the    right    of    way 
through  a  territory  164  mi.  long,  and  fences  in  a  strip 
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80  ft.  wide.     How  many  acres  does  it  thus  inclose,  and 
how  much  does  it  pay  for  the  land  at  f  25  an  acre  ? 

6.  Find  the  area  of  a  park  396  ft.  by  396  ft.  Give 
your  answer  in  acres.  « 

7.  How  many  acres  are  in  a  rectangular  farm  1.5  mi. 
long  by  1\  mi.  wide  ? 

201.  A  township  is  a  tract  of  land  6  mi.  square,  and  it 
is  divided  into  36  seotionB  each  1  mi.  square.  The  sections 
are  numbered  as  in  Fig.  1. 


N.Viof  N.W.i/4 

S.  W.iAof 

S.  E.  1/4  of 

N.W.V4 

N.  W.i/4 

E.   V2 

S.  W.  ^4 

Fia.  2. 

A  section  is  subdivided  as  indicated  in  Fig.  2.  There 
are  two  divisions,  E.  J  and  W.  J.  The  E.  J  is  divided 
into  two  equal  squares  called  N.E.  J  and  S.E.  J.  The 
W.  ^  is  divided  into  two  equal  squares  called  N.W.  J  and 
S.W.  J.  These  are  again  subdivided  as  shown. 


200 


ABITHMEJtG 


EXERCISE  97  (Written) 

1.  Draw  a  figure  and  locate  S.  W.  J  of  S.E.  f  N.  W.  { 
of  S.E.  f .     N.E.  {  of  S.W.  f     S.E.  J  of  S.W.  J. 

2.  Locat#  N.E.  i  of  N.E.  {.  S.W.  J  of  N.E.  J.  How 
many  acres  are  in  N.W.  J  of  S.W.  J?  How  many  acres 
are  in  N.W.  \  ?     In  S.E.  ^  ?     In  S.  ^  of  S.W.  {  ? 

3.  A  man  buys  J  of  S.  J  of  N.W.  ^  and  also  J  of  the 
N.W.  J  of  S.W.  J  at  the  rate  of  1 20  an  acre.  Find  the 
cost  of  his  purchase. 

4.  Find  the  value  of  E.  J  at  f  35.75  per  acre. 

5.  A  man  buys  S.W.  {  of  S.W.  J  and  S.E.  J  of  S.W.  \ 
at  §  84  an  acre.     How  much  does  he  pay  ? 

6.  What  is  the  value  of  S.  J  of  N.E.  ^  at  $45  an  acre  ? 

7.  Find  the  combined  values  of  S.E.  J  and  S.W.  \  of 
N.E.  ^  at  $25  an  acre. 

VOLUMES  OF  RECTANGULAR  SOLIDS 
202.    Let  ABCD  be  a  rectangle  5  in.  long  by  4  in.  wide. 

Its  area  is  20  sq.  in.  If 
we  take  20  cubes  each 
1  in.  on  an  edge,  we  can 
place  them  on  this  rect- 
angle so  as  to  make  a 
rectangular  solid  5  in. 
by  4  in.,  and  1  in.  in 
height.  Its  volume  is 
20  cu.  in. 

If  we  take  20  more 

cubes  each  1  in.  on  an 

edge,  and  place  them  on  top  of  our  rectangular  solid,  we 

get  a  second  rectangular  solid  5  in.  by  4  in.  and  2  in.  in 

height.     Its  volume  is  2  times  20  ou.  in. 

If  we  take  20  more  cu.  in.  and  place  them  on  top  of 


Di 1 1 1 1 
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our  second  rectangular  solid,  we  get  a  third  rectangular 
solid  5  in.  by  4  in.  and  3  in.  in  height*  Its  volume  ia 
3  times  20  cu.  in. 

If  we  add  another  layer  of  these  cubes,  we  shall  have  a 
rectangular  solid  5  in«  by  4  in.  and  4  in.  in  height.  Its 
volume  is  4  times  20  ou.  in. 

If  we  add)  once  more,  another  layer  of  these  cubes,  we 
shall  have  a  rectangular  solid  5  in,  by  4  in«  and  5  in.  in 
height.     Its  volume  is  6  times  20  cu.  in. 

If  we  start  out  with  another  rectangle,  it  matters  not 
what  its  dimensions  are,  and  form,  in  the  same  way,  a  rect- 
angular solid,  we  can  find  its  volume  by  multiplying  the 
number  of  units  in  the  area  of  the  rectangle  by  the  number 
of  units  in  the  height  of  the  rectangular  solid. 

The  area  of  a  rectangle  is  obtained  by  taking  the  product 
of  its  dimensions.  To  get  the  volume  of  a  rectangular 
solid  we  multiply  this  product  by  the  height  of  the  solid. 

The  volume  of  a  rectangular  BoUd  is  obtained  by  taking 
the  product  ot  its  three  dimensions  expressed  in  units  of 
the  same  denomination. 

EXERCISE  98  (Written) 

1.  Find  the  volume  of  a  box  12  ft.  by  7  ft.  by  6  ft. 

2.  Find  the  cubical  contents  of  a  room  18  ft.  by  12  ft. 
and  9  ft.  high. 

3.  Find  the  number  of  cubic  feet  in  a  room  32  ft.  by 
24  ft.  and  12  ft.  high. 

4.  How  many  cubic  yards,  of  earth  must  be  removed 
for  the  foundation  of  a  house  75  ft.  by  54  ft.,  if  the  earth 
to  the  depth  of  21  ft.  is  removed  ? 

5.  A  cistern,  in  the  shape  of  a  rectangular  solid,  is 
22  rft.  by  14  ft.  and  6  ft.  deep.  How  many  gallons  of 
water  does  it  contain  ? 
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6.  A  bin  is  8  ft.  by  8  ft.  and  6  ft.  high.  How  many 
bushels  does  it  hold  ? 

7.  In  order  to  build  a  concrete  wall,  earth  is  removed 
to  the  depth  of  6  ft.  If  the  wall  is  210  ft.  long  and  12  ft. 
wide,  how  many  cubic  yards  of  earth  must  be  removed? 

8.  How  many  cubic  yards  of  gravel  will  fill,  to  the 
depth  of  6  in.,  a  street  1  mi.  long  and  36  ft.  wide? 

9.  How  many  cubical  boxes  2  ft.  each  way  would  a 
storeroom  18  ft.  by  12  ft.  and  10  ft.  high  hold? 

10.  The  Sault  Ste.  Marie  Canal  is  1.6  mi.  long,  160  ft. 
wide,  and  25  ft.  deep.  Express  in  cubic  yards  the  volume 
of  water  required  to  fill  it. 

11.  A  block  of  marble  is  4  ft.  by  3  ft.  and  24  ft.  long. 
How  many  tons  does  it  weigh,  if  a  cubic  foot  of  marble 
weighs  170  lb.  ? 

12.  How  many  pounds  does  a  cedar  beam  14  in.  by 
10  in.  ^nd  40  ft.  long  weigh,  if  a  cubic  foot  of  cedar 
wood  weighs  38.1  lb.  ? 

13.  A  cubic  foot  of  clay  weighs  75  lb.  Find,  in  tons, 
the  weight  of  a  clay  bank  10  ft.  by  4  ft.  and  80  ft.  long. 

14.  A  box  9  in.  by  8  in.  and  6  in.  deep  is  filled  with 
mercury.  Find  its  weight  in  pounds,  if  a  cubic  foot  of 
mercury  weighs  13,570  oz. 

15.  How  many  3-in.  cubes  are  required  to  fill  a  cubical 
box  each  of  whose  edges  is  1  yd.  ? 

16.  A  pile  of  4-ft.  wood  8  ft.  long  and  4  ft.  high  con- 
tains a  cord.  How  many  cords  of  wood  are  in  a  pile  of 
4-ft.  wood  120  ft.  long  and  12  ft.  high  ? 

REVIEW    QUESTIONS 

1.  Define  simple  quantity.     Compound  quantity. 

2.  What  is  the  unit  in  Avoirdupois  weight  ? 

3.  How  many  pounds  are  in  a  short  ton  ?  in  a  long  ton  ? 
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4.  What  is  reduction  ascending  ?     What  is  reduction 
descending  ? 

5.  Give  a  rule  for  reduction  ascending. 

6.  Give  a  rule  for  reduction  descending. 

7.  Define  long  measure.     Unit  of  length. 

8.  What  is  the  legal  value  of  a  yard  in  the  United 
States  ? 

9.  How  are  yards  reduced  to  miles  ? 
10.   How  many  yards  are  in  a  chain  ? 

U.   Define  square  mile.    Nautical  mile.    League. 

12.  What  is  a  township  ?     What  is  a  section  ? 

13.  What  is  a  solid  ? 

14.  How  is  the  volume  of  a  rectangular  solid  obtained  ? 

15.  How  does  the  quart  liquid  measure  dififer  from  the 
quart  dry  measure  ? 

16.  Define  angle.     Give  the  table  of  angular  measure. 

17.  What  is  a  straight  angle  ? 

18.  What  is  the  uliit  of  angular  measure  ? 

19.  What  is  the  origin  of  the  division  of  the  circle  into 
360  equal  parts  ? 

20.  How  many  days  are  in  the  common  year?    Name 
the  calendar  months  and  the  number  of  days  in  each. 

21.  What  is  a  lunar  month  ?  the  length  of  a  year  ? 

22.  What  is  the  Julian  calendar?  the  Gregorian  Calen- 
dar ?     When  was  the  latter  introduced  into  England  ? 

23.  What  was  the  error  at  that  time  in  the  Julian  cal- 
endar ? 

24.  How  are  the  sections  of  a  township  numbered  ? 


CHAPTER  XI 

MEASURES  AKD  MULTIPLES 

Note.  In  this  chapter  we  shall  give  several  statements  requiring 
proof.  These  statements  are  necessary  to  a  clear  underatanding  of 
G.C.M.  andL.C.M.,  and  should  therefore  be  the  permanent  jwsses- 
sion  of  every  teacher.  We  shall  not,  however,  undertake  to  give  a 
proof  for  any  of  the  statements.  We  shall  merely  futnish  illustra- 
tions to  make  clear  the  truth  of  each  of  the  statements.  This  is 
entirely  different  from  giving  a  formal  proof.  Should  some  of  the 
matter  be  thought  too  difficult  for  the  first  presentation  of  the  sub- 
ject, that  portion  of  it  may  be  omitted  until  arithmetic  is  gone  over 
in  review. 

203.  A  number  which  meaftureft  each  of  two  numbers 
meaaures  their  sum  and  also  their  difCerence. 

Illustration.  If  7  measures  84,  and  measures  63, 
then  it  measures  84  +  63,  and  also  measures  84  —  63.  If  7 
apples  are  contained  an  exact  number  of  times  in  some 
given  number  of  apples,  then  this  given  number  of  apples 
can  be  put  into  bags  each  containing  7  apples.  We  shall 
then  have  an  exact  number  of  bags.  If  7  apples  are 
contained  an  exact  number  of  times  in  some  other  number 
of  apples,  then  this  other  number  of  apples  likewise  can 
be  put  into  bags  each  containing  7  apples.  We  shall  then 
have  an  exact  number  of  bags.  Now  if  we  sum  the  first 
number  of  bags  and  the  second  number  of  bags,  we  get 
a  number  of  bags  each  containing  7  apples.  In  other 
words,  we  have  a  multiple  of  7.     If  we  take  the  difference 
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between  the  first  number  of  bags  and  the  second  num- 
ber of  bags,  we  again  have  a  multiple  of  7. 

204.  A  number  which  measures  a  second  number  measures 
any  multiple  of  that  second  number. 

Illustration.  If  11  measures  154,  it  measures  5 
times  154.  If  11  measures  a  number,  then  that  number 
contains  an  exact  number  of  groups  of  11  each.  If  we  mul- 
tiply this  number  by  some  other  number,  we  get  a  product 
which  contains  the  same  number  of  single  objects  as  the 
product  arising  from  the  multiplication  of  our  groups  of 
11  each  by  the  same  number.  But  multiplying  a  number 
of  groups  of  11  each  gives  an  exact  number  of  groups 
of  11  each.     In  other  words,  it  gives  a  multiple  of  11. 

A  number  which  measures  a  second  number  measures  any 
power  of  the  second  number.  This  follows  at  once  from 
previous  statements. 

205.  By  combining  the  statements  in  §§  203  and  204, 
we  have  the  following  statement:  A  number  which 
measures  two  numbers  measures  the  sum  and  also  the  dif- 
ferance  of  any  multiples  of  these  two  numbers. 

Illustration.  If  3  measures  21  and  15,  then  3  meas- 
ures 9  times  21  +  4  times  15; 

206.  Two  measures  a  number  if  it  measures  the  units' 
digit  of  the  number.  For  example,  2  measures  56  because 
the  units'  digit,  6,  is  measured  by  2.  The  reason  for  this 
is,  2  measures  6  and  10,  therefore  (§  206)  it  measures  6 
tens  -f  6. 

Five  is  a  measure  of  any  number  ending  in  5  or  0.  For 
example,  6  measures  3285.  The  reason  for  this  is,  5 
measures  10  and  5,  hence  it  measures  328  tens  -{-  5. 
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207.  A  number  is  measured  by  nine  if  the  sum  of  its 
digits  is  measured  by  9 ;  for  example,  69453. 

Since  three  is  a  measure  of  9,  3  is  a  measure  of  any 
number  the  sum  of  whose  digits  is  measured  by  3. 

208.  Eleven  is  a  measure  of  any  number  the  difference 
of  the  sums  of  whose  digits  in  the  even  places  and  in  the 
odd  places  is  0  or  a  multiple  of  11.  Thus,  38962  is  a  mul- 
tiple of  11,  since  the  sum  of  the  digits  in  the  even  places, 
6,  8,  equals  14,  the  sum  of  the  digits  in  the  odd  places,  2, 
9,  3,  equals  14 ;  the  difference  of  the  sums  is  0. 

209.  Example  1.     Resolve  1001  into  its  prime  factors.* 

1001  is  not  divisible  by  2,  because  its  units' 

■  figure  is  not  exactly  divisible  by  2.     It  is  not 

^  divisible  by  3,  because  the  sum  of  the  digits,  1, 1, 

is  not  divisible  by  S.     It  is  not  divisible  by  6, 

because  its  units'  figure  is  not  0  or  5.     Trying  7,  we  find 

7  is  contained  in  1001,  143  times.     We  see  at  once  that 

143  is  divisible'  by  11,  because  the  sum  of  the  digits,  1,  3, 

equals  4,  the  digit  in  the  even  place.     Hence  the  prime 

factors  of  1001  are  7,  11,  13.     Hence,  1001  =  7  x  11  x  13. 

Example  2.  Resolve  5040  into  its  prime  factors,  and 
express  5040  as  the  product  of  prime  numbers. 

Divide  by  2  as  often  as  possible.  Since  315 
ends  in  5,  5  is  a  factor  of  315.  Divide  next  by 
3  as  often  as  possible. 

The  prime  factors  of  5040  are  2,  2,  2,  2,  3, 
3,  5,  7. 

5040  =  2  X2x2x2x3x3x5x7 
=  2*  X  32  X  5  X  7. 


♦  When  we  speak  of  the  factors  of  a  number  we  have  in  mind  only  the  in- 
tegral factors  of  the  number. 


2 

5040 

2 

2520 

2 

1260 

2 

630 

5 

315 

3 

63 

3 

21 
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EXERCISE  99  (Written) 

Resolve  into  prime  factors  and  express  each  number  as 
the  product  of  its  prime  factors : 

1.  8,  12,  16,  18,  20,  24,  27,  28,  30,  32,  36,  39,  40,  42. 

2.  45,  48,  49,  50,  56,  60,  65,  69,  72,  75,  77,  80,  84,  88,  92. 

3.  98,  99,  111,  117,  119,  120,  124,  128,  132,  133,  135, 
140,  144. 

4.  240,  720,  343,  612,  216,  729,  736,  608,  544. 

5.  1331,  11,011, 1309,  858, 1274,  891,  3575. 

6.  Write  all  the  measures  of  each  of  the  following 
numbers :  36,  360,  200,  567,  576,  448. 

7.  Write  all  the  common  measures  of:  (a)  36,  24; 
(6)  18,  27 ;  (<?)  48,  72 ;  (d)  21,  63 ;  (e)  32,  96 ;  (/)  18,  72. 

210.  When  several  numbers  are  to  be  taken  as  a  whole 
and  made  the  subject  of  an  operation,  they  are  inclosed 
in  a  sign  or  symbol  known  as  a  parenthesis  (  ).  Thus, 
8  +  (9  —  2)  signifies  that  3  is  to  be  added  to  the  differ- 
ence of  9  and  2.  A  number  written  immediately  to  the 
left  of  a  parenthesis  denotes  multiplication.  Thus,  7x4 
4-  3  (8  -f  5)  means  7  times  4  is  to  be  added  to  3  times  the 
sum  of  8  and  5. 

211.  A  composite  number  can  be  resolved  into  only  one 
set  of  prime  factors.  Thus,  the  prime  factors  of  36  are 
2,  2,  3,  3.  36  =  22  X  32.  The  product  of  no  other  prime 
numbers  will  give  36. 

212.  If  a  number  is  prime  to  each  of  two  other  num- 
bers, it  is  prime  to  their  product. 

Illustration.  If  7  is  prime  to  207  and  to  8,  then  7 
is  prime  to  8  x  207.  Resolving  8  and  207  into  their  prime 
factors,  we  have  8  x  207  =  2^  x  (3^  x  23)  =  2^  x  3^  x  23 
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(Associative  Law).  Now,  7  does  not  appear  among  the 
prime  factors  of  the  product,  and  as  there  is  only  one  set 
of  factors  of  a  number,  hence  7  does  not  measure  the 
product. 

From  the  above  statement  it  follows  that  if  a  number  is 
prime  to  a  second  number,  it  is  prime  to  any  power  of 
that  second  number. 

GREATEST  COMMON  MEASURE 

213.  The  O.C.M.  of  two  or  more  numbers  can  be  found 
by  finding  all  the  measures  of  each  of  the  numbers  and 
then  selectijig  the  greatest  measure  they  have  in  common. 

For  example,  take  24,  86,  60. 

The  measures  of  24  are  2,  3,  4,  6,  8,  12. 

The  measures  of  36  are  2,  3,  4,  6,  9,  12,  18. 

The  measures  of  60  are  2,  3,  4,  5,  6,  12,  15,  20,  30. 

Hence,  the  common  measures  are  2,  3,  4,  6,  12,  and  the 
G.  C.  M.  is  12.  This  method  is  generally  too  long  to  be 
practical. 

214.  Example  1.     Find  the  G.  C.  M.  of  48,  120,  168. 
Expressing  these  numbers  as  products  of  their  prime 

factors,  we  have 

48  =  2*  X  3. 
120  =  28  X  8  X  6. 
168  =  28  X  3  X  7. 

2  is  contained  3  times  as  a  factor  in  168,  3  times  as  a 
factor  in  120,  and  4  times  as  a  factor  in  48 ;  3  is  contained 
once  as  a  factor  in  each  of  the  numbers.  Hence,  the 
G.  C.  M.  =  28  X  3  =  24. 

To  find  the  O.  C.  M.  of  two  or  more  numbers,  express 
each  of  the  numbers  as  the  product  of  its  prime  factors; 
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then  take  the  product  of  the  prime  factors  common  to  all 
the  numbers,  each  factor  being  taken  the  least  number  of 
times  it  occurs  in  any  of  the  numbers. 


Find  the  G.  C.  M.  ol 

': 

1.  16,24. 

12. 

26, 117. 

23. 

64,  80,  96. 

2.   24,32. 

13. 

57,  76. 

24. 

63,84,105. 

3.  18,27. 

14. 

115, 161. 

25. 

64,  96,  224. 

4.   24,36. 

15. 

144,  264. 

26. 

72, 108, 180. 

5.  45,  60. 

16. 

140,  252. 

27. 

88,  132,  220. 

6.   75,90. 

17. 

20,  30,  40. 

28. 

126, 189,  252. 

7.  54,  72. 

'    m 

30,  75, 105. 

29. 

144,  240,  336. 

8.  108,180. 

Id. 

36,  60,  84. 

30. 

162,  270,  378. 

9.*  84,  96. 

ao. 

89,  65,  91. 

31. 

168,  224,  892. 

10.  120,156. 

21. 

60,  84,  182. 

32. 

252,  420,  588. 

11.   91,105. 

22. 

54,  90,  108. 

33. 

264,  360,  600. 

EXERCISE  101  (Written) 

Find  the  common  measures  of : 

1.  24,36. 

8. 

90,  126. 

IS. 

48,80. 

2.   32,56. 

9. 

54, 126. 

16. 

32,  128. 

3.  36,63. 

10. 

^140. 

17. 

108, 144. 

4.  45,  54. 

11. 

112,  84. 

18. 

78, 117. 

5.  60,  90. 

12. 

42, 105. 

19. 

90,  135. 

6.   72,132, 

13. 

44, 132. 

aa 

28,70. 

1.  86,54. 

14. 

75, 125. 

21. 

60,  84. 

What  other 

common  measures  have  two  or  more  num- 

bars  whose  G.  C.  M.  is 

: 

S2.   27.     S4. 

21.      26.  18.     88. 

48. 

.     SO.  65.    32.  84. 

23.    86.      85. 

24.      27.  15.      29. 

56. 

31.  72.    33.  96. 
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EXERCISE  102  (Written) 

1.  A  boy  has  21  marbles  of  one  kind  and  35  marbles 
of  another  kind.  He  puts  the  marbles  into  sacks,  the  same 
number  of  marbles  being  in  each  sack.  What  is  the 
largest  number  of  marbles  he  pan  put  into  each  sack 
(without  mixing  the  marbles),  so  as  to  have  none  left 
over? 

2.  A  rectangular  plot  of  ground,  220  ft.  by  180  ft., 
has  a  board  fence  around  it,  each  board  being  tlie  same 
length.  What  is  the  greatest  length  a  board  can  have  so 
that  an  exact  number  of  boards  may  go  once  around  the 
plot? 

3.  A  dealer  has  two  barrels  of  sugar,  180  lb.  being  in 
one  barrel,  and  238  lb.  in  the  other  barrel.  He  puts  each 
kind  of  sugar  into  packages  of  the  same  weight.  What 
is  the  greatest  number  of  pounds  he  can  put  into  each 
package  ? 

4.  A  farmer  has  1560  lb.  of  oats  and  1800  lb.  of  bar- 
ley. He  puts  the  oats  and  the  barley  each  into  sacks  of 
the  same  weight.  What  is  the  greatest  number  of  pounds 
he  can  put  into  each  sack  ?  How  many  sacks  will  he  have 
in  all? 

5.  What  is  the  greatest  number  of  pounds  which 
measures  exactly  a  short  ton  and  a  long  ton? 

6.  A  train  runs  at  a  uniform  rate  per  hour.  It  makes 
two  runs,  one  a  distance  of  495  mi.,  and  the  other  a  dis- 
tance of  627  mi.,  and  performs  each  journey  in  an  exact 
number  of  hours.  What  is  the  greatest  speed  it  can 
have? 

7.  A  clerk  saved  the  same  amount  for  each  of  20  con- 
secutive weeks.     In  a  number  of  these  weeks  he  saved 
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$440,  and  in  a  number  of  weeks  following  he  sayed  #280. 
What  is  the  greatest  amount  he  could  have  saved  each 
week? 

8.  A  carriage  wheel  makes  an  exact  number  of  revolu- 
tions in  going  a  distance  of  91  ft.,  and  also  in  going  a  dis- 
tance of  156  ft.  Find  the  circumference  of  the  wheel  if 
the  number  of  revolutions  is  the  minimum  in  each  case. 

215.  Find  the  G.  C.  M.  of  289,  391.  In  this  instance 
the  prime  factors  of  the  numbers  cannot  be  discovered  by 
inspection.     To  get  the  G.  C.  M.  we  proceed  as  follows : 

289)391(1 


102)289(2 
204 

85)102(1 
85 

17)85(5 
85 

Divide  the  greater  number  by  the  less.  Divide  the 
remainder  into  the  less  number.  Divide  the  next  re- 
mainder into  the  last  divisor.  Continue  the  process, 
always  dividing  the  last  remainder  into  the  last  divisor. 
The  divisor  which  gives  no  remainder  will  be  the  G.  C.  M. 
of  the  numbers. 

The  above  method  is  known  as  the  Euclidean  Method 
of  finding  the  G.  C.  M.  of  two  numbers.  It  is  about  2200 
years  old.  It  never  fails  to  produce  the  G.  C.  M.  In  our 
time  we  rarely  have  to  find  the  G.  C.  M.  of  two  large 
numbers. 

The  reason  for  the  above  rule  for  finding  the  G.  C.  M. 
of  two  numbers  is :  (1)  Any  measure  of  two  numbers  is  a 
measure  of  the  less  of  the  two  numbers  and  of  the  remain- 


212  ARITHMETIC 

der  obtained  by  dividing  the  greater  number  by  the  less. 
(2)  If  this  holds  for  any  measure,  it  holds  for  the  G.  C.  M. 
Statement  (1)  follows  at  once  from  §§  203  and  204.  Let 
us  see  how  our  rule  gives  us  the  G.  C.  M. 

Any  measure  of  289  and  391  is  also  a  measure  of  289 
and  102. 

Any  measure  of  289  and  102  is  a  measure  of  102  and  85. 

Any  measure  of  102  and  85  is  also  a  measure  of  85 
and  17. 

Hence,  any  measure  of  289  and  391  is  also  a  measure  of 
85  and  17 ;  and  therefore  the  G.  C.  M.  of  289  and  391  is 
the  G.  C.  M.  of  85  and  17. 

EXERCISE  103  (Written) 
Find  the  G.  C.  M.  of: 

1.  777,1887.          5.  388,403.  9.  2567,4681. 

2.  429,  975.            6.   1313,  2929.  lo.  6601,  8211. 

3.  361,760.            7.   1441,2227.  ii.  1369,1739. 

4.  529,690.            8.   1781,2877.  12.  3481,5310. 

13.  Write  the  prime  numbers  less  than  120. 

14.  Show  that  the  G.  C.  M.  of  two  or  more  numbers  is 
measured  by  every  common  measure  of  those  numbers. 

15.  By  how  many  numbers  can  43  be  divided  so  as  to 
give  1  for  a  remainder  ?     Write  those  numbers. 

16.  By  how  many  numbers  can  59  be  divided  so  as  to 
give  4  as  a  remainder  ?     Write  the  numbers. 

17.  How  many  numbers  divided  into  89  give  17  as 
a  remainder?     Write  the  numbers. 

18.  How  many  numbers,  when  divided  into  100,  give 
16  for  a  remainder?     Write  those  numbers. 

19.  Show  that  the  difference  of  any  two  even  numbers 
is  divisible  by  2. 
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LEAST  COMMON    MULTIPLE 

Fir%t  Method 

216.  Example.   Find  the  L.C.M.  of  12,  16,  24. 
Writing  a  number  of  the  multiples  of  these  numbers, 

we  have  12,  24,  86,  48,  60,  72,  84,  96,  108, 120, 182, 144. 

16,  32,  48,  64,  80,  96, 112, 128, 144. 

24,  48,  72,  96,  120, 144. 

The  first  three  multiples  common  to  12,  16,  24,  are  48, 
96,  144.  The  least  of  those  multiples  is  48.  Therefore 
the  L.  C.  M.  of  12,  16,  24,  is  48. 

This  method  of  finding  the  L.C.M,  is  the  simplest, 
but  it  is  not  the  shortest. 

217.  Since  the  L.C.M.  of  two  or  more  numbers  is 
exactly  divisible  by  each  of  the  numbers,  it  follows  that 
the  L.  C.  M.  containB  all  the  prime  faotora  of  each  of  the  given 
numbers. 

This  fact  suggests  another  method  of  finding  the 
L.  C.  M.  of  two  or  more  numbers. 

Second  Method 

218.  ExampU.    Find  the  L.  C.  M.  of  48,  60,  72. 

48  =  2*x3. 

60  =  22  X  3  X  5. 

72  =  28x38. 
Any  multiple  of  48  must  contain  2  four  times  as  a  fac- 
tor. Any  multiple  of  72  must  contain  8  twice  as  a  fac- 
tor. Hence,  the  number  2*  x  3^  x  5  =  720,  contains  all  the 
factors  of  the  three  numbers,  48,  60,  72.  Therefore  the 
L.C.M-of  48,  60,  72,  is720. 

To  find  the  L.  C.  M.  of  two  or  more  numbers,  resolve 
each  of  the  numbers  into  its  prime  factors,  then  find  the 
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24 

30 

36 

12 

16 

18 

6 

15 

9 

product  of  all  the  prime  factors  of  the  given  nuinbers, 
taking  each  factor  the  greatest  number  of  times  it  occurs 
in  any  of  the  numT)ers. 

Third  Method 

219.  Example  1.   Find  the  L.  C.  M.  of  48,  60,  72. 

2148    60    72 

2 

2 

3 

2      6      3 
L.  CM.  =  3x5x2x3x2x2x2  =  720. 

Example  2.   Find  the  L.  C.  M.  of  18,  27,  30,  45. 

2 
3 
3 

3  5 

L.  CM.  =  5x3x3x3x2  =  270. 

Step  1.   Arrange  the  numbers  in  a  horizontal  row. 

Step  2.  Divide  by  a  prime  factor  common  to  two  or 
more  of  the  numbers.  Set  down  the  quotients  and  the 
undivided  numbers. 

Step  3.  Treat  the  second  horizontal  row  in  the  same 
manner,  and  so  on  until  a  horizontal  row  is  obtained 
which  contains  numbers  prime  to  one  another.  If,  at  any 
stage  of  the  process,  a  horizontal  row  contains  a  number 
which  is  a  factor  of  some  other  number  in  that  row,  then 
we  may  strike  out  such  factor. 

The  continued  product  of  the  numbers  in  the  last  row 
and  of  the  divisors  will  be  the  L.  C  M. 


18 

27 

80 

45 

9 

27 

15 

45 

9 

15 
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220.   Why  should  the  Third  Method  give  the  L.  C.  M.  ? 

The  L.C.M.  of  18,  27,  30,  45,  is  2  times  the  L.C.M.  of 
9,27,16,45.     Why? 

2  times  the  L.C.M.  of  9,  27,  15,  45,  is  2  x  3  times  the 
L.C.M.  of  9,  15.     Why? 

2x3  times  the  L.C.M.  of  9,  15,  is  2  x  3  x  3  times  the 
L.C.M.  of  3,  5.     Why? 

EXERCISE  104  (Oral) 
Find  the  L.  C.  M.  of : 


1. 

4,6. 

6.    7, 

14. 

11.  4,14. 

16.  7,14,21. 

2. 

3,7. 

7.    7, 

8. 

12.  3,5,10. 

17.  8,16,24. 

3. 

4,6. 

8.    8, 

6. 

13.  4,5,10. 

18.  12,18,24. 

4. 

6,8. 

9.    8,9. 

14.  6,8,12. 

19.  3,4,6. 

5. 

5,6. 

10.  4, 

10. 

15.  5,6,12. 

20.  6,7,21. 

EXERCISE  105  (Written) 

Find  the  L.C.M.  of: 

1. 

16,  .20. 

16. 

60,  96. 

31. 

15,  20,  25. 

2. 

21,  14. 

17. 

84, 108. 

32. 

12,  18,  20. 

3. 

18,  60. 

18. 

66,  77. . 

33. 

46,  63,  70. 

4. 

18,  45. 

19. 

54,90. 

34. 

14,  36,  40. 

5. 

21,  49. 

20. 

72,  108. 

35. 

12,  16,  18. 

6. 

28,  70. 

21. 

76, 126. 

36. 

14,  24,  40. 

7. 

42,  66. 

22. 

36,  54,  72. 

37. 

15,  24,  25. 

8. 

86,64. 

23. 

36,  90,  60. 

38. 

77,  143,  22. 

9. 

84,  61. 

24. 

48,  64,  36. 

39. 

18,  20,  45. 

10. 

48,  72. 

25. 

12, 16,  18. 

40. 

30,  70,  105. 

11. 

96,  120. 

26. 

14,  21,  35. 

41. 

30,  40,  48. 

12. 

28,  30. 

27. 

30,  36,  21. 

42. 

21,  28,  36. 

13. 

82,80. 

28. 

28,  42,  70. 

43. 

12, 18,  27. 

14. 

26,  89. 

29. 

32,  36, 150. 

44. 

12,  15, 16,  18. 

15. 

48,  84. 

30. 

30,  45,  48. 

45. 

36,  40,  45. 

216  ARITHMETIC 

221.   Find  the  L.  C.  M.  of  291  and  1261. 
291)1261(4 
1164 


291=   3x97.  97)291(3 

1261  =  97  X  13.  291 

Therefore,  L.  C.  M.  of  291  and  1261  =  3  x  97  x  13  =  3 
X  1261  =  13x291. 

To  find  the  L.  C.  M.  of  two  numberB,  divide  either  of 
the  numbers  by  their  G.  C.  M.  and  multiply  the  quotient 
by  the  other  number. 

This  rule  is  to  be  recommended  only  when  the  numbers 
cannot  be  readily  resolved  into  their  prime  factors  by 
inspection. 

222.  The  L.  C.  M.  of  three  or  more  numbers  can  always 
be  obtained  by  finding  first  the  L.C.M.  of  two  of  the 
numbers,  then  by  finding  the  L.  C.  M.  of  this  result  and 
the  third  number,  then  of  the  latter  result  and  the  fourth 
number,  and  so  on. 

EXERCISE  106  (Written) 

1.  Write  the  first  ten  multiples  of  6,  of  9,  of  12,  of  15, 
of  16,  of  24. 

2.  Write  the  first  five  common  multiples  of:  (a)  8 
and  12;  (6)  10  and  15;  (c)  12  and  18;  (d)  16  and  24; 
(0  18  and  27;  (/)  20  and  30. 

3.  Show  that  the  L.C.M.  of  two  numbers  equals  the 
product  of  the  two  numbers  divided  by  their  G.  C.  M. 

4.  Find  the  least  number  which,  divided  by  6,  8,  10, 
and  12,  gives  an  integral  quotient  and  4  for  a  remainder. 

5.  Find  the  L.C.M.  of  two  numbers  whose  product 
is  960  and  G. CM.  4. 


MEASURES   AND   MULTIPLES  217 

6.  Find  the  G.C.M.  of  two  numbers  whose  product 
is  864  and  L. CM.  72. 

7.  Find  the  L.  C.  M.  of  three  numbers,  one  of  which 
is  18,  and  the  L.  C.  M.  of  the  other  two  is  45. 

8.  A  man  earns  $15  a  week.  Find  the  smallest  number 
of  weeks  he  must  work  to  earn  an  exact  number  of  twenty- 
dollar  gold  pieces. 

9.  What  is  the  greatest  number  to  divide  128  and  217, 
leaving  remainders  of  8  and  1  respectively  ? 

10.  Three  men  walk  round  a  circular  path  1200  yd.  in 
circumference  at  the  rate  of  80  yd.,  100  yd.,  120  yd.  per 
minute  respectively.  If  they  start  together,  when  will 
they  be  together  again  ? 

11.  The  L.C.  M.  of  two  numbers  is  120,  and  one  of 
them  is  15.  Write  all  possible  values  of  the  other 
number. 

12.  The  L.  C.  M.  of  two  numbers  is  84,  and  one  of  the 
numbers  is  28.  Write  all  possible  values  of  the  other 
number. 

13.  Find  the  prime  factors  of  1980,  5250,  7350,  and 
16,170.     Find  their  G.  C.  M.  and  L.  C.  M. 

14.  What  numbers  of  two  figures  each  have  17  for  their 
G.  C.  M.  and  204  for  their  L.  C.  M.  ? 

15.  Two  trains  run  at  the  rate  of  22  mi.  and  33  mi.  an 
hour  respectively.  Find  the  least  distance  that  can  be 
run  in  an  exact  number  of  hours  by  both  trains. 

16.  The  L.  C.  M.  of  319  and  of  another  number  is  957 
and  their  G.  C.  M.  is  11.     Find  the  other  number. 

17.  The  numbers  961  and  1271  have  a  factor  in  com- 
mon.    Resolve  these  numbers  into  their  prime  factors. 

18.  Find  the  number  of  prime  numbers  greater  than 
100  and  less  than  150. 
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19.  Two  surveyors  use  two  different  chains,  one  chain 
being  100  ft.  long  and  the  other  66  ft.  long.  Find  the 
shortest  distance  that  is  exactly  measured  by  both  chains. 

REVIEW  QUESTIONS 

1.  Will  3  divide  each  of  the  following  numbers  ex- 
actly:  7281,  31,926,358,  910,638,  74,823?  Give  reason 
for  your  answer. 

2.  Will  4  exactly  measure  each  of  the  following  num- 
bers: 886,674,  23,456,  9,887,746?  Give  reason  for  your 
answer. 

3.  Show  that  8  is  a  measure  of  any  number  if  it 
measures  the  number  formed  by  the  last  three  digits. 

4.  What  is  the  test  of  divisibility  by  11  ?    by  9  ? 

5.  What  is  a  parenthesis? 

6.  In  how  many  ways  can  a  composite  number  be 
resolved  into  its  prime  factors? 

7.  How  is  the  G.C.M.  of  two  or  more  numbers  ob- 
tained?    Mention  three  ways. 

8.  Give  the  Euclidean  Method  of  finding  the  G.C.M. 
of  two  or  more  numbers. 

9.  Upon  what  principles  is  the  Euclidean  Method 
based  ? 

10.  Show  that  the  difference  between  any  two  odd 
numbers  is  divisible  by  2. 

11.  Show  that  the  product  of  three  consecutive  numbers, 
the  first  of  which  is  even,  is  divisible  by  24. 

12.  Give  three  ways  of  finding  the  L.  C.  M.  of  two  or 
more  numbers. 

13.  Show  that  the  product  of  the  L.C.M.  and  the 
G.  C.  M.  of  two  numbers  equals  the  product  of  the  two 
numbers. 
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FRACTIONS  AND  DECIMALS 

223.  Reduce  to  lowest  teims,  |^. 

MI  =  HI  =  M  =  if  =  f 

224.  A  number  is  exactly  divisible  by  4,  or  by  25,  if 
the  number  expressed  by  its  two  right-hand  figures  is 
exactly  divisible  by  4  or  by  25.     For  example  : 

764  contains  4  as  a  factor,  since  64  contains  4  as  a  factor. 
775  contains  25  as  a  factor,  since  75  contains  25  as  a  factor. 

A  number  is  exactly  divisible  by  8  or  by  125  if  the 
number  expressed  by  its  three  right-hand  figures  is  exactly 
divisible  by  8  or  by  125,  e.g.  11,128,  3125 ;  the  first  num- 
ber is  divisible  by  8  because  8  is  a  factor  of  128.  The 
second  number  is  divisible  by  125  because  125  is  a  factor 
of  125. 

Both  statements  follow  from  §§  203,  204. 


EXERCISE  107  (Written) 

Reduce  to  lowest  terms  : 

1-  H- 

9-  m 

17-  ^• 

25. 

m- 

2.  m- 

10.  m 

"•  Ml- 

26. 

m- 

3-    T^- 

^'  m 

19-    iff- 

27. 

m- 

*•  m- 

12.  m 

20.    M|. 

28. 

m- 

*•  iM- 

13.  m- 

21.  m- 

29. 

m- 

«•  i¥f- 

14.    M|. 

22.    ^. 

30. 

MM 

-'•  A\- 

«.  m- 

23.    \\\. 

31. 

m- 

8-    ^- 

!«•  m- 

24.    HI- 

32. 

■Nh 
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EXERCISE  108  (Writtem) 
Reduce  to  common  fractions  in  their  lowest  terms : 

1.  .26.                        6.   .35.  11.  .4375. 

2.  .75.                         7.   .65.  12.  .5625. 

3.  .68.                        8.   .85.  13.  .6875. 

4.  .375.                       9.   .3125.  14.  .8125. 

5.  .625.                     10.   .1875.  15.  .9375. 

16.  Reduce  1'  30"  to  the  fraction  of  1°. 

17.  Reduce  5  da.  6  hr.  to  the  fraction  of  1  wk. 

18.  Reduce  2  yd.  2  ft.  3  in.  to  the  fraction  of  1  rd. 

19.  Reduce  7  sq.  yd.  5  sq.  ft.  9  sq.  in.  to  the  fraction 
of  1  sq.  rd. 

20.  Reduce  480  ft.  to  the  fraction  of  1  mi. 

21.  What  fraction  of  1  A.  is  a  rectangular  plot  120  ft. 
by  83  ft.? 

22.  What  fraction  of  1  section  is  S.  J  of  N.W.  J  of  the 
section  ? 

23.  What  fraction  of  a  cubic  yard  is  the  volume  of  a 
rectangular  box  whose  dimensions  are  1  ft.  6  in.  by  9  in. 
and  6  in.  deep  ? 

24.  What  fraction  of  a  common  year  is  18  da.  6  hr.  ? 

25.  What  part  of  a  circumference  is  an  arc  of  45*^  ? 

26.  What  fraction  of  1  sq.  mi.  is  360  A.  ? 

27.  What  fraction  of  1  bu.  is  1  pk.  2  qt.  ? 

EXERCISE  109  (Oral) 
Reduce  to  mixed  numbers  : 

1.  J^.  4.  ^.  7.  ^.  10.  ^. 

2.  ^.  5.    ^.  8.    ^.  11.    ff . 

3.  ^.  6.    f|.        •  9.    ff  12.    f|. 
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13.    f|. 

21. 

H- 

29. 

W- 

37.  W- 

14.    i{. 

22. 

M- 

30. 

w- 

38.    W- 

"•  fi- 

23. 

ih 

31. 

w- 

39.    Jjfi/^. 

le.  f|. 

24. 

f^- 

32. 

w- 

40.    J^. 

17.    f§. 

25. 

fi 

33. 

■4^- 

«.    W' 

18.    If 

26. 

H- 

34. 

i|i. 

42.    W- 

19.    ff. 

27. 

H- 

35. 

W- 

43.    3^. 

20.    tt. 

28. 

If- 

36. 

W- 

44.    i^. 

EXERCISE  no  (Oral) 

Reduce  to 

improper  fractions  : 

1.   4f 

13. 

4^- 

25. 

14^. 

37.  '27^ 

2.    3f. 

14. 

9t^- 

26. 

12^- 

38.    Ml 

3.    5f. 

15. 

8t^- 

27. 

iiA- 

39.    31J. 

4.    4f 

16. 

7H- 

28. 

27|. 

40.    22f . 

5.    8f. 

17. 

19f. 

29. 

24J. 

41.  23^. 

6.    5|. 

18. 

28J. 

30. 

16J. 

42.    8% 

7.    6J. 

19. 

24f. 

31. 

17f 

43.    36§. 

8.    9f 

20. 

18|. 

32. 

19|. 

44.    19f 

9.    8f. 

21. 

17f 

33. 

14^. 

45.    16|. 

10.  7^. 

22. 

24f 

34. 

9t^- 

46.    15|. 

11. 11^. 

23. 

17f 

35. 

12tt- 

47.  13V«r 

12.    3^. 

24. 

"A- 

36. 

23f. 

48.    10^ 

EXERCISE  III  (Oral) 

1.  Reduce  5  to  a  fraction  having  8  for  its  denominator. 

2.  Reduce  4  to  a  fraction  having  9  for  its  denominator. 

3.  Reduce  6  to  a  fraction  having  7  for  its  denominator. 
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4.  Reduce  11  to  a  fraction  having  10  for  its  denominator. 

5.  Reduce  13  to  a  fraction  having  4  for  its  denominator. 

6.  Reduce  15  to  a  fraction  having  3  for  its  denominator. 

7.  Reduce  14  to  a  fraction  having  6  for  its  denominator. 

8.  Reduce  |  of  a  foot  to  the  fraction  of  1  yd. 

9.  Reduce  2^  pk.  to  the  fraction  of  1  bu. 

10.  Reduce  &|  cu.  ft.  to  the  fraction  of  1  cu.  yd. 

11.  Reduce  IJ  hr.  to  the  fraction  of  1  da. 

12.  Reduce  6|  sq.  ft.  to  the  fraction  of  1  sq.  yd. 

13.  Express  80  rd.  in  miles. 

14.  Express  |  of  an  inch  in  feet. 

15.  Express  §  bu.  in  quarts. 

16.  Express  f  of  a  dozen  as  the  fraction  of  a  score. 

225.    Reduce  to  equivalent  fractions  of  the  same  denomi- 
nation, 3^,  ^,  {J,  ^. 

Step  1.    Find  the  L.  C.  M.  of  the  denominators,  10,  12, 
14,  16.     The  L.  C.  M.  of  10,  12,  14,  16  =  1680. 

Step  2.    Reduce  each  fraction  to  1680th8. 


^^-  T^.  tVvV'  ifif  im- 

Upon  what  property  of  fractions  does  Step  2  depend  ? 
How  would  you  reduce  |  to  24ths  ? 
How  would  you  reduce  |  to  an   equivalent  fraction 
having  18  for  a  denominator? 
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EXERCISE  112  (Oral) 
1.   Reduce    |  to  12ths.  9.   Reduce    |  to  48ths. 


2.  Reduce    f  to  25ths. 

3.  Reduce    |  to  24ths. 

4.  Reduce    f  to  27ths. 

5.  Reduce  -^  to  55th8. 

6.  Reduce  -^  to  84ths. 

7.  Reduce  ^  to  84ths. 


10.  Reduce  |  to  TOths. 

11.  Reduce  |  to  96th8. 

12.  Reduce  |  to  90ths. 

13.  Reduce  ^  to  63d8. 

14.  Reduce  f  to  92ds. 

15.  Reduce  ^  to  119ths. 

16.  Reduce  |J  to  104ths. 


8.   Reduce  ^  to  75ths. 

EXERCISE  113  (Written) 
Reduce  to  fractions  of  the  same  denomination  : 


1-  h  h  f 

^*  h  tV'  A- 

u-  i  Vl'  I- 

2.    h  h  f 

'•  iii- 

12.    I  f ,  |. 

3.    h  h  i- 

8.   I  f  |. 

13.    ii'lV 

*•  f  h  uV 

9.    *,  h  1- 

!♦•    iV'  tV'  iV- 

5.    h  h  1- 

10-    A'I'lV 

IS.  i,  i  i,  1- 

Arrange  in  order  of  magnitude : 

16.  H^his- 

20.    3^,  ^,  T^. 

2*.   :^.  .07,  tIt- 

17.    f,  f ,  f . 

21.    |,f  f 

25.    i,  .124,5V 

18.    i,  h  i- 

22.    ^,  H'  f  • 

26.    |,  .21,  ^. 

19.    h  {h  i 

23'    V^'  !J?V'  1^- 

ADDITION 
EXERCISE  114  (Oral) 

27.    ^,.253,^g 

Add: 

l.'^,\. 

6-   i.  f  • 

11.    i,  |. 

2.   h  1- 

7-    *.  i- 

12.    J,   i- 

.  3.  h  i- 

8.    i,  h 

13.    h   I 

4.  h  1- 

9.    t,   J. 

1*.  1.  i- 

s-  h  h 

10.   h  h 

15.    I,  i- 

!4 
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16.   f,  f . 

27. 

f  f 

38.    i,  if 

17.    f,  I 

28. 

f  A- 

39.    h  ^• 

18-    h  h 

29. 

f'i- 

40.    f,  ^. 

19-    h  f. 

30. 

if- 

*1-    f'  ii- 

20.    i,  f 

31. 

f  i- 

42.    J,   i,  J. 

21.    i,  i 

32. 

I'tV- 

43.    i,  I,  i. 

22.    h  f 

33. 

iiJ- 

44.    J,  i,  f. 

23.    i,  ^. 

34. 

i'T^- 

45.   i,  I,  f. 

24.    I,  tV- 

35. 

f'if 

46.    J,  1,   J. 

2S.    f   ,5,^. 

36. 

hih 

47.    i  I,  f 

26.    I,  J. 

37. 

h\h 

48.    i,  I,  f . 

EXERCISE  115  (Written) 

Add: 

1-  h  h  A- 

16-   Hi'  lA'  A'  Ml- 

2-    i,  irV- 

17.    6f,  12f,  1^. 

3.   i,  ^,  ^V'  xiff' 

18.    1t^,  3^,  2f . 

*•  tbV'  3^st>- 

19.   If,  3i,  l,<i,. 

5-  i'  ^v  sV'  bV- 

20.    |,   i^,   A- 

6-  i'  ^'  ^ff'  A- 

21.    If,   If,  If,  f 

7.  i?  -^t  2^. 

22.  ^,  yJ^,  ^THnr-" 

8-    i'  A'  T^- 

23.   i^»    i8o'    IOmJO' 

9-    i  if.  A-         • 

24.    ^>  ^1  A- 

10-   h  ^%  1%  A- 

25. 2|,  m  4^. 

11-  h  T^'  A'  i^J- 

26.    H,  H'   i^.  lA- 

12-    i,  1^,  H,   3^- 

27.  2Jf,  2ff,  4^. 

13-    A'  T^'  '^• 

28.   I,  3iJ,  IH,  6|. 

1*-    h  A'  ^IT- 

29.    T^,   3^,  H>  5||. 

15.   1|,  If,  1|,  m,  l|^.         30.   2^,  3^,  2^  if. 
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SUBTRACTION 


Example  l.     From  7f  take  2^. 

Solution.     7|- 2^  =(7  -  2^)+}=:4^  +  i==  4JJ. 


EXERCISE  116  (Oral) 
Find  the  difiference  between  : 


f  and  J. 
I  and  \. 
I  and  \. 
I  and  f . 
i  and  \. 
I  and  \. 
\  and  J. 
f  and  \. 
I  and  |. 
I  and  J. 
A  and  f 

12.  3^andf 

13.  ^andf. 

14.  ^andf 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 


15. 
16. 
17. 
18 
19 


f  and  i. 
I  and  J. 
t  and  f . 
^  and  f . 
^  and  |. 

20.  Handf. 

21.  if  and  f 

22.  if  and  |. 
if  and  ^. 

I  and  J. 
I  and  J. 
f  and  |. 
f  and  |. 
I  and  f . 


23. 
24. 
25. 
26. 
27. 
28. 


EXERCISE  117  (Written) 


29.  I 

30.  f 

31.  IJ 

32.  1§ 

33.  2^ 

34.  2J 

35.  3f 

36.  4J 

37.  5^ 

38.  2^ 

39.  If 

40.  5f 

41.  7f 

42.  9f 


andf. 
and  f . 
and  f . 
and  |. 
and  \, 
and  f . 
and  |. 
and  IJ. 
and  3f . 
and  ■^. 
and  }^. 
and  f . 
and  2^. 
and  6f . 


Find  the  difference  between  : 

1.  7fand4iJ.  7. 

2.  9f  and4f.  8. 

3.  7^and2J.  9. 

4.  9^  and  ^,  10. 

5.  10^and7f.  11. 

6.  12^  and  9^^.  12. 


18f  and  7f . 
21f  and  llif. 
8^j  and  5^. 
&^  and  8f . 
19f  and  8|. 
28if  and  12Jf . 
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13.  4^  and  If.  42.  JJ  and  ^. 

14.  IJy^and^.  23.  Handl|. 

15.  1^  and  33^.  24.  7f  andS^. 

16.  ^l^-and^^^.  25.  8fand7-jJ. 

17.  iand^.  26.  93^and6l|. 

18.  Jand^.  27.  6^and2J|. 

19.  ^and|.  28.  6j^and5^. 

20.  f  andf  29.  8^and6|^. 

21.  i^andlf  30.  12^  and  8^. 

31.  What  number  must  be  added  to  3|  to  give  6f  ? 

32.  A  man's  capital  amounts  to  $1727  J.  By  how  much 
must  he  increase  his  capital  so  that  it  may  amount  to 
13000? 

33.  What  number  must  be  taken  from  30|  to  leave  14|  ? 

34.  By  how  much  does  84^  exceed  17f  ? 

35.  What  number  must  be  added  to  19|  to  give  29J  for 
the  result  ? 

36.  Of  the  weight  of  the  earth's  atmosphere  -^^^  is 
oxygen.  What  fraction  of  the  weight  of  the  earth's 
atmosphere  do  its  other  constituents  aggregate  ? 

MULTIPLICATION 
Example  1.     Simplify  f  of  |  of  If 

Solution.    |  of  |  of  li  =  |  x  ?  x^  =  liiiii|  =  « 
3      4        *34      9      1x1x99 

Example  2.    Multiply  84^  by  9. 

Solution.     84f  x  9  =  (84  x  9)  +  (^  x  9)  =  766  +  2f  = 

768f. 
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EXERCISE  118  (Written) 
Simplify: 

1.  I  off  of  2^.        14.   9f  xl^xlf 

2.  |of3i^of4f      15.  IJxlf  xlfxl^. 

3.  |0fl|0fe.        16.    (|  +  J)x(f-i). 

4.  ^ofJof4f      17.   (|  +  i)x(|-i). 

5.  |X^X4|.  18.    (3l^  +  i)x(^-i). 

6.  ^xlixl^.      19.    |(3J  +  li)x|. 

7.  ^of4|ofli.    20.  f  of4J-|of  3^x3^. 

8.  ^xSJxli^.     21.  3^x(3J  +  |-f^).  / 

9.  ^Ofllofl,!^.     22.    2^X(1|  +  2J  +  1J). 

10.  2|x3|x2U.  23.  TJxllxgyVxCi  +  i  +  i)- 

11.  5|x5JxTh.  24.  l^xlifxJ^x(|  +  f-l^^). 

12.  2fx2fxl^.  25.  2fx5ixl|x(^sV  +  i-lA)• 
l3.  TJxHxf.  26.  3|xl^  +  7i-(li-i-f  Xj^). 

ANALYTICAL  METHOD  OP  SOLUTION 

226.  Example  l.  A  man  invested  a  sum  of  money  in 
business.  He  gained  -^  of  his  investment  and  then  had 
$16,600.     How  much  did  he  invest  ? 

Solution.  The  investment  +  ^  of  the  investment 
=  $16,600.  But  the  investment  +  3^  of  the  investment 
=  ^  of  the  investment  +  -j^  of  the  investment  =  ^|  of  the 
investment.     Therefore,  ||  of  the  investment  =  $15,600. 

Therefore,  -^j   of  the  investment  = ——^ Therefore, 

^  of  the  investment  =  IIM^O  x  12  =  $14,400.     There- 

fore,  the  investment  is  $14,400. 

Instead  of  the  word  therefore^  we  shall  in  future  use 
the  symbol  .•• 
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Example  2.  A  farmer  sells  \  of  his  wheat,  and  then 
has  261  bu.     How  many  bushels  had  he  originally  ? 

Solution.  The  number  of  bushels  —  J  of  the  number 
of  bushels  =  261  bu.  But  the  number  of  bushels  —  J  of 
the  number  of  bushels  =s  ^  of  the  number  of  bushels  —  ^  of 
the  number  of  bushels  =  |  of  the  number  of  bushels. 

.  •.  J  of  the  number  of  bushels  =  261  bu. 

.  •.  ^  of  the  number  of  bushels  =  ^^  bu. 

.  •.  I  of  the  number  of  bushels  =  ^|i  bu.  x  4  =  848  bu. 

.-.  The  number  of  bushels  is  348. 

EXERCISE  119  (Written) 

1.  If  I  of  a  man's  capital  is  $2950,  what  is  the  man's 
capital  ? 

2.  If  ^  of  a  number  is  361,  what  is  the  number  ? 

3.  If  ^1  of  the  distance  by  rail  from  New  York  City 
to  Mexico  City  is  1950  mi.,  find  the  distance  between 
these  two  cities. 

4.  If  I  of  the  distance  between  New  York  City  and 
Liverpool  is  2655  mi.,  how  many  miles  are  there  between 
the  two  cities  ? 

5.  Find  the  postal  distance  between  New  York  City 
and  Cheyenne,  J  of  such  distance  being  1477  mi. 

6.  Given  -^  of  the  distance  between  New  York  City 
and  Chicago  as  765  mi.,  how  far  is  the  one  city  from  the 
other  ? 

7.  Knowing  that  |  of  the  distance  from  Chicago  to 
Shanghai  is  7973  mi.,  compute  how  far  Chicago  is  from 
Shanghai. 

8.  Given  that  |  of  the  distance  from  San  Francisco  to 
Melbourne  is  5397  mi.,  find  the  distance  between  these 
ports. 
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9.   If  ^^  of  the  number  of  miles  from  Paris  to  Turin 
is  27  J,  what  is  the  entire  distance  separating  the  cities  ? 

10.  If  \^  of  the  number  of  miles  from  New  York  City 
to  Panama  is  1727,  how  far  is  Panama  from  New  York  ? 

11.  Given  .9  of  the  distance  from  London  to  Constanti- 
nople as  1827  mi.,  how  many  miles  is  it  from  the  former 
to  the  latter  ? 

12.  If  ^  of  the  distance  from  Hamburg  to  Vienna  is 
143  mi.,  find  the  distance  between  these  cities. 

13.  In  the  year  1902,  ^  of  the  United  States  internal 
revenue  receipts  from  tobacco  amounted  to  122,852,687. 
Find  the  total  internal  revenue  receipts  from  tobacco  for 
that  year. 

14.  In  the  year  1902,  J-|  of  the  excise  tax  in  the  United 
States  on  gross  receipts  under  the  War  Revenue  Law  of 
1898  amounted  to  $117,221.  Find  the  total  tax  on  gross 
receipts  in  1902. 

15.  In  the  year  1902,  ^  of  the  United  States  internal 
revenue  receipts  from  the  tax  on  oleomargarine  amounted 
to  $1,325,021.40.     Find  the  total  receipts  from  this  source. 

16.  The  mark  is  the  unit  of  money  in  Germany ;  -^  of 
its  value  in  our  currency  is  42  mills.  Express  the  value 
of  a  mark  in  dollars. 

17.  The  yen  is  the  standard  of  value  in  Japan ;  -^  of 
its  value  is  equivalent  to  4  cents  and  2  mills.  Express  in 
dollars  the  value  of  the  yen. 

18.  In  Venezuela,  the  monetary  unit  is  the  Bolivar; 
I  of  its  value  is  equivalent  to  $.1158.  Find  its  value  in 
cents. 

19.  Thirty-two  thirty-fifths  of  a  meter  is  very  nearly 
equivalent  to  1  yd.    Express  the  value  of  a  meter  in  yards. 
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20.  In  1901  Louisiana  produced  1^  times  as  much 
sugar  as  Hawaii,  and  |  of  the  sugar  production  of  Louisi- 
ana was  186,000  tons.  Find  the  number  of  tons  of  sugar 
Hawaii  produced  in  1901. 

DIVISION 

227.  The  quotient  obtained  by  dividing  unity  by  a 
number  is  called  the  reoiprooal  of  the  number.  In  other 
words,  if  the  product  of  two  numbers  is  unity,  either  one 
of  these  numbers  is  called  the  reciprocal  of  the  other  num- 
ber. Thus,  8  is  the  reciprocal  of  |^,  and  IJ  is  the  recipro- 
cal of  f .       ^ 

228.  Example  1.     Divide  7|  by  4^. 

3 

1 

Step  1.    Reduce  mixed  numbers  to  improper  fractions. 
Step  2.    Invert  the  terms  of  the  divisor. 
Step  3.    Proceed  then  as  in  multiplication  of  fractions. 
The   following  rule  for   division   is   sometimes  given: 
Multiply  the  dividend  by  the  reciprocal  of  the  divisor. 

Note.  The  art  of  dividing  by  a  fraction  by  using  its  reciprocal  is 
old.  It  is  found,  for  instance,  in  the  " Arithmetica  Integra"  of 
Stifel  (1544). 

Example  2.     Divide  234J  by  5. 

Solution.     5)234^  In  a  case  where  the  divisor  is 

— 7^39     an  integer,  and  the  dividend  is 

^*    a   mixed   number,  the   integral 

part  of  the  dividend  being  larger  than  the  divisor,  it  is 

best  to  perform  the  division  as  indicated  in  Example  2 

above. 


Example  3.     Simplify  |  ai  ^1  x  « 1|^  —  |  >  -s-  4y\« 

SoLUTiox.     |ofSix^lJ-f  ^^,=^xS^x§=V 

5      • 
Step  1.   Find  the  value  of  the  fnctions  in  the  pu^n- 
thesis.     Then  proceed  as  in  p*revi<>as  e3Eampies. 

EXERCISE  120   Oral 

Divide : 

1.  J  by  2.     14.  W  by  7.       27.  3^  by  5,     4a  6  by  |. 

2.  Ijby2.     IS.  i|bya.     2B.9iby3.       41.  obyf 

3.  I  by  2.     16.    f  by  14.     29.  llj  by  3.     42.  11  by  \. 

4.  \  by  3.     17.    I  by  16.     30.  14|  by  6.     43,  13  by  |, 

5.  |by4.     ]&l|by4.       3l.l2fby7.     44,  l|byj. 

6.  Jf  by  5.     19.  If  by  5.       32.  8 J  by  11.      45.  If  by  |, 
^-  i§  by  5.     20.  If  by  7.       33.  8|  by  7.       46.  1 J  by  |. 

8.  I  by  6.     21.  2J  by  13.     34.  17 J  by  5.     47.  1^^  by  ^\^, 

9.  f  by  10.   22.  1|  by  7.       35.  ISfbyS.     4alibyJ^5. 

10.  I  by  5.-   23.  3|  by  9.       36.  2  by  \.         49.  8f  by  1|. 

11.  ^byl6.   24.  4Jby20.     37.  9byf         50.  2Jby}. 

12.  f  by  6.     25.  4^  by  12.   38.  6  by  \.         51.  7f  by  %-^. 

13.  ^  by  6.     26.  6^  by  16.   39.  7  by  |.         52.  14  by  3 J. 

EXERCISE  121  (Written) 
Divide : 

1.  21  by  1^.  6.  98f  by  62f . 

2.  48  by  2f .  7.  17|  by  9f^. 

3.  42  by  1^.  8.  ^  by  3^\. 

4.  72  by  8|.  9.  8^^  by  4.^. 

5.  72^  by  4f  10.  2^4  by  2ff . 


282  ABIIBMETIC 

11.  25fbylf.  19.  I^by^oflj. 

12.  3i  by  2|.  20.  2^1  by  1||  of  If. 

13.  10|  by  Iff.  21.  If  by  f  of  If. 

14.  7^  by  292J.  22.  3^  by  l^V  *™es  73^. 

15.  62^  by  131^.  23.  (T^V-i)  by  (f +i). 

16.  16i  by  f  of  6|.  24.  (IM- 1*) by  (If  + 1^). 

17.  I  by  ^  of  Iff.  25.  (3^3^-2^)  by  8^. 

18.  i  by  f  of  If  26.  lHby(lf+lJ). 

229.  A  oomplez  fraotlon  is  a  fraction  one  or  both  of 
whose  terras  contain  one,  or  more  than  one,  fraction. 

Thus,  -#,  --r,     T"^T^  are  complex  fractions. 

230.  Example  X.     Simplify  ||. 

Solution.  2f  -f.  If  =  f  x  ^  =  1^. 
Or,  multiply  numerator  and  denominator  by  any  number 
which  will  make  the  terms  of  the  fraction  integers. 

2f_2fx6_16_ 

if^ifxe-ii""  ^* 

Example  2.     Simplify  ^P''3  =  ^  =  3^. 

Step  1.    Simplify  the  numerator. 

Step  2.    Simplify  the  denominator. 

Step  3.  Divide  the  result  of  Step  1  by  the  result  of 
Step  2. 

Or,  multiply  numerator  and  denominator  by  100,  the 
L.  C.  M.  of  2,  5,  4,  25.     We  then  have 

324-225     99 


180-160     30" 


=  3^- 
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EXERCISE  122  (Written) 

»-i-|«-f -SI-   -¥• 

EXERCISE  123  (Cral) 

1.  If  7  yd.  of  silk  cost  $8|,  what  is  the  cost  of  1  yd. 
of  silk? 

2.  How  long  will  it  take  a  person  to  walk  lOJ  mi.  at 
the  rate  of  3  mi.  an  hour  ? 

3.  If  coal  costs  $5  per  ton,  how  many  tons  can  I  buy 
for  $11.25? 

4.  If  oranges  sell  for  3  cents  each,  how  many  can  I 
buy  for  75  cents  ? 

5.  If  11.61  is  divided  equally  among  7  boys,  how  much 
does  each  receive? 

6.  A  train  ran  60  mi.  at  the  rate  of  24  mi.  an  hour. 
How  many  hours  did  the  train  take  to  go  the  60  mi.  ? 

7.  A  boy  rides  on  his  bicycle  15  mi.  in  2J  hr.     What  is 
bis  rate  per  hour  ? 

8.  How  many  pounds  of  sugar  can  be  bought  for  64 
cents,  at  4|>  cents  per  pound  ? 

9.  When  chairs  sell  for  $1.60,  how  many  of  them  can 
be  bought  for  $12? 
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10.  If  a  boy  loses  ^  of  his  marbles,  what  fraction  of 
his  marbles  has  he  left  ? 

11.  If  4  times  a  number  is  19J,  what  is  the  number  ? 

12.  If  J  of  a  number  is  12,  what  is  the  number  ? 

13.  If  I  of  a  loaf  of  bread  cost  13 J  cents,  what  is  the 
cost  of  one  loaf  of  bread  ? 

14.  Three-fifths  of  a  boy's  money  is  24  cents.  How 
much  money  has  he  ? 

15.  A  boy  had  a  sum  of  money.  He  earned  J  as  much 
more  and  then  had  $10.  How  many  dollars  had  he  at 
first? 

16.  How  long  would  it  take  a  person  to  save  $9  if  he 
saved  75  cents  a  day  ? 

17.  Two-sevenths  of  Henry's  age  is  f  of  6  yr.  How  old 
is  Henry  ? 

18.  How  many  turns  will  a  wheel  llj  ft.  in  circumfer- 
ence make  in  going  69  ft.  ? 

19.  B  gained  an  amount  equal  to  ^  of  his  money,  and 
then  had  $900.     How  many  dollars  had  he  at  first  ? 

20.  After  paying  \  of  his  debt,  a  man  owed  $60.  What 
was  his  debt  ? 

21.  At  $25  an  acre,  how  many  acres  can  be  bought  for 
$112.50? 

22.  How  many  pounds  of  beef  can  be  bought  for  $1.35, 
at  15  ^  per  pound  ? 

23.  If  A  can  do  a  piece 'of  work  in  4  days,  how  much 
can  he  do  in  1  day?  If  B  can  do  the  same  work  in  3 
days,  how  much  can  B  do  in  1  day?  How  much  can  A 
and  B,  working  together,  do  in  1  day  ? 

24.  If  A  can  do  a  piece  of  work  in  4  days,  and  B  can 
do  this  same  work  in  6  days,  what  part  of  the  work  can 
both  do  in  one  day  ? 
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SOLUTIONS  BASED  ON  INDUCTION  AND  DEDUCTION 

231.  Example  l.  If  .95  of  a  man's  money  is  $92.85,  bow 
much  money  has  he  ? 

Solution.     .95  of  the  money  =  $92.85. 

.-.  The  money  =  ^^^  =  |97. 
.95 

In  this  example  $92.85  is  the  product  of  two  factors ; 

one  of  the  factors  is  .95. 

Example  2.  A  farmer  sold  -^  of  his  wheat,  and  then 
had  306  bu.     How  many  bushels  had  he  at  first  ? 

Solution.  After  selling  ^  of  his  wheat,  he  had  J^ 
of  his  wheat  left. 

.',  1^  of  the  quantity  of  wheat  =  306  bu. 
.-.  The  quantity  of  wheat  =  306  bu.  ■+■  ^  =  360  bu. 

Example  3.  A  man  gained  ^  of  his  money,  and  then  had 
$3420.     How  many  dollars  had  he  originally  ? 

Solution.  The  man's  money  +  ^  of  the  man's  money 
s=  ^  of  the  man's  money. 

.•.  I  of  the  man's  money  =  $3420. 
.%,  The  man's  money  =  $3420  -^  |  =  $3040. 

EXERCISE  124  (Written) 

1.  How  long  will  it  take  a  person  to  earn  $44.40,  if  he 
earns  $1.85  a  day? 

2.  If  f  of  a  quantity  of  coal  is  71^  tons,  how  many 
tons  of  coal  are  there  in  all? 

3.  A  train  runs  at  the  rate  of  33J  mi.  per  hour.  How 
many  hours  will  it  take  the  train  to  run  850  mi.  at  this 
rate? 
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4.  A  man  being  asked  his  age  i^eplied,  "  Three  elev- 
enths of  my  age  is  13 J  years."     Find  the  man's  age. 

5.  A  and  B  engage  in  business.  A's  share  is  f  of  the 
joint  capital.  If  A  contributes  $2540,  what  is  the  joint 
capital  ?    How  much  does  B  invest  ? 

6.  A  dealer  sells  a  piano  for  1240,  thereby  gaining 
^  of  the  cost  of  the  piano.     What  did  the  piano  cost  ? 

7«  If  a  dealer  sold  a  piano  for  $240  and  lost  thereby  ^ 
of  the  cost  price  what  did  the  piano  cost  ? 

8.  If  the  dividend  is  18|  and  the  quotient  is  10},  what 
is  the  divisor  ? 

9.  The  sum  of  two  numbers  is  25,  and  one  of  the  num- 
bers is  IJ  times  the  other  number.     Find  the  numbers. 

10.  A  farmer  sells  ^  of  his  cattle  to  one  jobber  and  ^  to 
another  jobber.  If  he  keeps  the  remainder,  what  part  does 
he  keep?  Suppose  the  number  remaining  is  27,  how 
many  head  of  cattle  had  the  farmer  originally? 

11.  A  dealer  sells  J  of  his  coal,  and  then  J  of  it,  and 
has  12}  tons  left.     How  many  tons  had  he  originally  ? 

12.  If  the  }  part  of  a  number  and  the  }  part  of  the  same 
number  together  make  60},  what  is  the  number  ? 

13.  If  .85  of  a  man's  money  is  $289,  how  much  money 
has  he  ? 

14.  By  gaining  .15  of  his  outlay  a  man's  property 
amounts  to  $7246.     What  was  his  outlay  ? 

15.  Five  sevenths  of  a  farm  is  sold  for  $1385.  What  is 
the  value  of  the  farm  ? 

16.  How  many  times  will  a  wheel  12  ft.  4}  in.  in  cir- 
cumference revolve  in  going  Sf  miles  ? 

17.  How  long  will  it  take  a  person  to  go  10|  mi.  at 
the  rate  of  6}  mi.  per  hour  ? 
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la.  A  train  travelfl  at  the  rate  of  52}  mi.  in  1|  hr. 
Find  its  rate  per  hoar.  How  many  hours  and  minutes 
will  it  take  this  train  to  travel  208  mi.  ? 

19.  From  the  ground  to  the  first  floor  of  a  house  is  -^ 
of  the  height  of  the  house  ;  if  the  first  floor  is  10  ft.  above 
the  ground,  how  high  is  the  house  ? 

20.  What  part  of  4f  is  I  of  14}  ? 

21.  If  .625  of  a  gallon  of  maple  sirup  oost  $1.25,  wliat 
will  1  gal.  of  maple  sirup  cost  ? 

22.  When  3  oranges  sell  for  5^,  how  many  oranges 
can  I  buy  for  80^? 

23.  If  8\  yd.  of  calico  cost  66  ^,  how  many  yards  can 
I  buy  for  $3.30? 

24.  A  merchant,  by  selling  tea  at  69^  per  pound, 
gains  ^  of  the  cost  of  the  tea.  Find  the  cost  per  poun^i 
of  the  tea. 

25.  By  selling  cloth  at  78^  per  yard  a  clothier  loses  | 
of  the  cost  of  the  cloth.  Find  the  cost  price  per  yard  of 
the  cloth. 

26.  The  rent  of  a  house  for  17  mo.  is  1225.  Find 
the  rent  of  this  house  for  12  mo. 

27.  Lead  pencils  cost  3J^  each.  At  this  price,  how 
many  can  be  bought  for  $1.40? 

BATIO  IDEA  OF  NUMBER 
EXERCISE  125  (Oral) 

1.  If  1  in.  is  the  unit,  what  number  measures  1  yd.  ? 

2.  If  6  in.  is  the  unit,  how  is  a  yard  expressed  ? 

3.  Express  a  dollar,  a  dime,  and  an  eagle,  each  in  terms 
of  1^.     Also  in  terms  of  1  mill. 
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4.  If  251^  were  the  unit  of  value,  what  integer  would 
represent  $10?  $13?  $14.75? 

5.  What  is  the  ratio  of  1  gal.  to  1  pt.  ?  Express  3  gal. 
in  pints. 

6.  What  is  the  ratio  of  a  square  yard  to  a  square  foot  ? 
of  a  square  yard  to  a  square  inch  ? 

7.  If  1000  is  the  unit,  what  number  expresses 
the  distance  of  the  moon  from  the  earth,  i.e.  238,000 
miles  ? 

8.  Express  $10.50  as  an  integer  in  which  50^  is  the 
unit. 

9.  If  the  linear  unit  were  6  in.,  what  number  would 
express  the  value  of  1  sq.  ft.  ?   of  1  sq.  yd.  ? 

10.  If  30**  were  the  unit  of  circular  measure,  what 
number  would  measure  1  circumference? 

11.  Express  30  twenty-dollar  bills  as  an  integer  where 
the  unit  is  a  five-dollar  bill. 

12.  Express  ^  mi.  as  an  integer  in  which  the  chain  is 
the  standard  of  measurement. 

13.  What  is  the  ratio  of  1  bu.  to  1  qt.  ?  of  1  sq.  rd.  to 
J  sq.  yd.  ? 

14.  How  many  square  yards  are  in  1  A.  ?  How  many 
quarter  square  yards  are  in  1  A.  ?  What  is  the  ratio  of 
1  A.  to  1  sq.  rd.  ?    of  1  A.  to  1  sq.  yd.  ? 

15.  What  is  the  ratio  of  1  cu.  yd.  to  1  cu.  ft.  ?  If  a 
cubical  box  6  in.  high  were  the  unit  of  cubic  measure, 
what  number  would  express  1  cu.  ft.  ?   1  cu.  yd.  ? 

16.  What  is  the  ratio  of  1  gal.  to  the  volume  of  a 
cubical  box  11  in.  by  7  in.  and  1  in.  in  height? 
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EXERCISE  126  (Written) 

1.  If  the  unit  of  surface  is  a  square  having  for  its  side 
11  yd.,  how  many  of  these  units  does  an  acre  contain  ? 

2.  If  a  square  link  is  the  unit  of  surface,  find,  in  terms 
of  this  measure,  the  number  which  corresponds  to  1  A. 

3.  If  flour  is  put  up  in  10-lb.  sacks,  find  the  number 
of  these  sacks  in  1  long  ton  of  flour. 

4.  The  English  pound  sterling  is  equivalent,  in  our 
currency  to  $4.8665.  What  is  the  value  of  $1  in  pounds 
sterling?  How  many  shillings  are  equivalent  to  fl? 
(20  shUlings=  <£  1  sterling.) 

5.  Express  decimally  1  rd.  in  chains.  How  many 
chains  are  in  1  knot  or  geographical  mile? 

6.  Express  1  sq.  mi.  in  square  chains. 

7.  How  many  square  chains  are  in  the  N.  W.  J  of  S.E.  J 
of  a  section  of  land  ? 

8.  If  a  square  upon  a  line  394  in.  long  is  the  unit  of 
surface  measure,  how  many  of  these  units  are  in  1  A.  ? 

9.  How  many  cubic  yards  are  in  a  cube  having  1  mi. 
for  one  of  its  dimensions?  How  many  are  in  a  cube 
having  1  rd.  for  one  of  its  dimensions  ? 

10.  How  many  railway  cars  of  20,000  lb.  capacity  each 
will  be  required  to  load  a  ship  whose  cargo  consists  of 
5470  T.  of  grain  ? 

11.  Express  decimally  in  tons  7280  bu.  of  wheat. 

12.  Express  decimally  in  tons  2890  bu.  of  oats. 

13.  Express  decimally  in  tons  3845  bu.  of  barley. 

14.  What  is  the  unit  of  measurement  when  ^  mi.  is 
expressed  by  the  number  44  ? 
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15.  What  is  the  unit  of  measurement  when  J  mi.  equals 
15,840  units  ? 

16.  There  are  3.1416  radians  in  860**.  Find  in  degrees, 
minutes,  and  seconds  the  value  of  a  radian. 

17.  What  is  the  unit  of  measurement  when  1  rd.  is 
expressed  by  the  integer  25? 

18.  If  100  ft.  were  the  unit,  how  would  the  distance 
from  New  York  to  Galveston  be  expressed  ?  Galveston  is 
1789  mi.  from  New  York  City. 

19.  A  cubic  centimeter  is  a  cube  nearly  .4  of  an  inch  on 
an  edge.     How  many  cubic  centimeters  are  in  1  cu.  ft.  ? 

20.  How  many  square  yards  are  in  the  walls  and  ceiling 
of  a  room  24  ft.  by  18  ft.  and  15  ft.  high  ?  What  is  the 
cubical  contents  of  the  room  ? 

21.  How  many  acres  are  in  a*  rectangular  plot  480  yd. 
long  by  338J  yd.  wide?  What  decimal  of  1  mi.  is  the 
length  of  its  four  sides  ? 

22.  Find  the  area  in  square  yards  of  a  rectangular 
plot  73  ft.  6  in.  by  64  ft.  2  in.  Express  the  result 
decimally. 

232.  Find  a  number  contained  an  exact  number  of  times 
in  3f  and  4^. 

Solution.  3|  =  ^  =  aj. 

Since  3f  =  ^,  and  4^  =  ^  J,  .-.  ^  is  a  unit  of  measure 
contained  an  integral  number  of  times  in  3|  and  4^. 
Since  5  is  a  common  measure  of  45  and  50,  ^  is  a  com- 
mon measure  of  3|  and  4^ ;  -^^  is  also  the  G.  C.  M.  of  3| 
and  4^.  The  number  3f  contains  ^,  9  times,  and  the 
number  4^  contains  ^,  10  times.     By  subdividing  the 
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common  measures,  -^  and  -j^,  we  can  get  any  number  of 
common  measures  of  3|  and  4J. 

By  taking  any  other  pair  of  numbers,  we  can  get,  in  a 
similar  manner,  a  ttiird  number  which  is  contained  an 
exact  number  of  times  in  each  of  the  given  numbers. 
Hence  we  can  express  any  two  of  the  numbers  we  have 
thus  far  met,  as  integers  in  terms  of  a  common  unit. 

Later  we  shall  have  to  consider  numbers  which  cannot 
be  thus  expressed. 

Numbers  which  can  be  exactly  measured  by  a  third 
number  are  said  to  be  oommenaurabU. 

Note.  A  clear  conception  of  §  282  is  indispensable  in  the  study 
of  elementary  geometry.  The  authors  have  yet  to  meet  the  pupil 
who,  in  taking  up  the  subject  of  measurement,  had  the  faintest  con- 
ception of  how  to  express  fractional  number  values  as  whole  numbers 
in  terms  of  a  common  unit  of  measurement. 

EXERCISE  127  (Written) 
Find  a  common  unit  of  measurement  of  the  following 
numbers,  and  express  the  numbers  as  integers  in  terms  of 
the  common  unit : 


1.   2f,2^. 

1 

5.   2f,  3f 

9. 

6|.3|. 

2.  4J,.4. 

6.  4^,  3|. 

10. 

Hh^ 

3.   li,  l^. 

7.   5|,  2f 

11. 

4|,5i. 

4. 3j,  ^. 

8.    1^.  3^. 

la. 

H'  2^- 

Multiply  .04683 J  by  ^, 

Solution. 

.04683J  =  -LAJJLAa:. 

■i^. 

.*. 

.04683^  X 

^  =  .1^X5^ 

=  Ji^|i=s  ,018368. 

To  divide  .9625  by  72,  proceed  as 

followe 

i: 

8 
9 

.9625 

.1203125 

.013368056 

:2 
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EXERCISE 

128  (Written) 

Multiply : 

1. 

.04161  by  3f . 

13. 

.83Jby246J. 

2. 

.00683J  by  llj. 

14. 

.0244^  by  12|. 

3. 

.0016f  by  6J. 

15. 

.00583JbyJ|. 

4. 

.004161  by  7f . 

16. 

.1255f  by  IJ. 

5. 

.00416fbylH. 

17. 

.64 J  by  67|. 

6. 

.00583^  by  3J^. 

18. 

.63|by37J. 

7. 

.00661  by  4^. 

19. 

.29|  by  4.5. 

8. 

.006661  by  6J^. 

20. 

.06^  by  445. 

9. 

.00833^  by  7^2^. 

21. 

.06|  by  238. 

10. 

.009166f  by  llf 

22. 

.05^  by  121J. 

11. 

.0166f  by  5J. 

23. 

.06|byl3J. 

12. 

.0041661  by  41|. 

24. 

.08^  by  19|. 

EXERCISE  129  (Written) 
REVIEW 

1.  Multiply  the  sum  of  ^,  |^,  ^,  by  1^,  and  divide  the 
product  by  ^. 

2.  What   number   taken   from    20J    leaves    as    a   re- 
mainder 4|^? 

3.  The  difference  between  two  numbers  is  IJ,  and  the 
less  is  4|.     Find  the  other  number. 

4.  Which  is  the  greater,  |  of  4^,  or  |  of  4|  ? 

5.  From  ^  of  the  sum  of  J,  ^,  |^,  ;^,  take  the  sum  of 

iV'  iV'  Ti' 

6.  Fromfof  (J-^  +  f)take(i  +  |-i). 

7.  Express  in  pounds  the  difference  between  .0125*  of 
a  ton  and  |  cwt. 
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&   What  fraction  having  48  for  denominator  is  equiva- 
lent to  .1876? 

9.   Find  in  feet  the  value  of  ^|  of  a  mile. 

10.  Express  f  yd.  as  the  decimal  of  a  rod. 

11.  Express  f  of  95  lb.  as  the  decimal  of  1^  cwt. 

12.  Express  27J  lb.  as  the  decimal  of  a  ton. 

13.  Take  ^  T.  from  1^  T.,  and  express  your  result  in 
pounds. 

14.  From  I  of  a  right  angle  take  83°  45'. 

15.  From  ^  of  a  circumference  take  ^  of  the.  circum- 
ference, and  express  your  answer  in  degrees. 

16.  There  are  two  numbers  in  the  ratio  of  3  to  5. 
What  fraction  of  their  sum  is  their  difference  ? 

17.  An  estate  is  left  to  A,  B,  and  C.  A  gets  J  of  the 
estate,  B,  ^  of  the  estate,  and  C,  the  remainder.  What 
part  of  the  estate  does  C  get?  If  C's  share  is  $450,  what 
is  the  value  of  the  estate?  Find  A's  share  and  B's 
share. 

18.  A  man  spends  |  of  his  salary  on  board,  J  on  cloth- 
ing, ^  on  rent.  He  saves  the  remainder,  amounting  to 
il25.     Find  his  salary. 

19.  Subtract  J  from  2.1,  and  divide  the  remainder  by 
.25. 

20.  The  dividend  is  3.562  and  the  quotient  is  .3125. 
Find  the  divisor. 

21/  Express  $5.24  as  a  decimal  of  f  100. 

22.  After  giving  away  ^,  ^,  and  J|  of  his  money,  a 
man  has  left  $392.95.    How  much  money  had  he  at  first? 

23.  The  third  part  of  a  number  exceeds  the  fifth  part  of 
the  same  number  by  15*     What  is  the  number  ? 


244  ABITHMBTIG 

24.  The  sixth  part  and  the  eighth  part  of  a  number 
together  make  66 J.     What  is  the  number  ? 

25.  If  J  and  f  of  a  farm  are  together  worth  $1650, 
what  is  \  of  the  remainder  worth  ? 

26.  Subtract  the  product  of  ^  and  ^  from  their  sum. 

27.  What  number  divided  by  3|  gives  1^  for  the 
quotient  ? 

28.  Find  the  value  of  J  of  1^  of  $19.80  ? 

29.  A  man  owns  f  of  a  boat  and  sells  J  of  his  share  for 
$750.     At  this  rate,  find  the  value  of  the  boat. 

30.  If  6  men  do  a  piece  of  work  in  9  days,  how  long 
will  it  take  4  men  to  do  tlie  same  work  ? 

31.  If  15  men  pave  a  street  in  16  days,  how  long  will 
it  take  40  men  to  pave  the  same  street  ? 

32.  If  18  men  remove  an  embankment  in  12  da.,  how 
long  will  it  take  24  men  to  remove  the  embankment  ? 

33.  Two  trains  start  at  the  same  time  from  two  sta- 
tions 840  mi.  apart,  and  travel  toward  each  other,  one 
train  going  at  the  rate  of  35  mi.  an  hour,  and  the  other 
train  at  the  rate  of  25  mi.  an  hour.  In  hoVv  many  hours 
will  they  meet  ? 

34.  If  a  man  performs  |^  of  a  piece  of  work  in  15  da., 
in  how  many  days  more  will  he  complete  the  work  ? 

35.  Add  J,  J,  |,  ^^,  and  ^.  Express  the  sum  as  a 
decimal.  Verify  your  work  by  reducing  each  fraction  to 
a  decimal  and  then  adding. 

36.  What  is  the  smallest  number  which,  added  to 
the  sum  of  |-,  ^,  and  f,  will  make  the  final  result  an 
integer  ? 
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37.  If  f  of  a  barrel  of  sugar  is  sold  and  afterward  40 
lb.  are  sold,  how  many  pounds  of  sugar  were  in  the  barrel 
originally,  supposing  it  still  contains  90  lb.  ? 

38.  By  selling  a  piano  at  ^  of  its  cost,  a  dealer  loses 
$  98.     Find  the  cost  of  the  piano. 

39.  If  45  sq.  rd.  of  land  cost  f  18,  find  the  cost  of  1  A. 
Find  also  the  cost  of  3|  A. 

40.  If  I  of  a  clerk's  salary  per  year  is  f  675,  find  his 
salary  per  month. 

41.  If3^A.oflandareworth9119,findtheyalueof2^A. 

42.  How  much  is  a  plot  of  ground  80  ft.  by  60  ft. 
worth,  if  an  acre  is  worth  $55? 

43.  Find  the  weight  of  a  piece  of  coal  in  the  shape 
of  a  rectangular  solid,  if  its  dimensions  are  1^  ft.  by  1^ 
ft-  by  10  in.     A  cubic  foot  of  coal  weighs  81 J  lb. 

44.  A  man's  property  is  assessed  at  $  4550.  If  he  pays 
40^  on  every  $  100  for  school  tax,  how  many  dollars  school 
tax  does  he  pay  ? 

45.  How  much  taxes  will  be  paid  on  real  estate  worth 
$9580,  if  the  tax  is  at  the  rate  of  $1.27  on  $100? 

46.  A  man  invests  $4800  and  gains  $540.  How  much 
does  he  gain  on  every  dollar  invested  ?  How  much  does 
he  gain  on  every  $100? 

47.  If  an  investment  of  $9600  produces  a  gain  of 
$1056,  find  the  gain  on  $1  ;  also  on  $100. 

48.  When  $8400  produces  a  profit  of  $1092,  how 
much  does  $1  produce?    $100? 

49.  The  school  tax  in  a  city  is  2  mills  on  the  dollar. 
The  assessed  valuation  of  the  property  is  $17,294,000. 
Find  the  total  tax  levied  for  school  purposes.  If  .95  of 
this  total  is  collectible,  find  the  amount  collected. 
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50.  Find  the  tax  on  $  33,254,000  at  4  mills  on  the  dollar. 

51.  A  man  insures  his  dwelling  for  $  5450.  If  he  pays 
1 11.50  on  every  $  1000,  how  much  does  he  pay  altogether  ? 

52.  Find  the  insurance  on  a  house  valued  at  $  7840,  if 
the  rate  of  insurance  is  $  1 J  on  every  $  100  ? 

53.  If  $47.50  is  paid  to  insure  a  boat  valued  at  19500, 
how  much  is  paid  on  1 1  ?   on  $  100? 

54.  The  distance  from  New  York  City  to  Plymouth, 
England,  is  2962  knots.  The  steamship  Deutschland 
sailed  from  Plymouth  to  New  York  in  July,  1900,  in  5  da. 
15  hr.  45  min.  Find,  in  knots,  its  rate  per  hour.  Find 
also  its  rate  in  miles  per  hour. 

55.  In  March,  1902,  the  steamship  La  Savoie  made  the 
voyage  from  Havre  to  New  York  in  6  da.  10  hr.  The 
distance  from  Havre  to  New  York  is  3170  knots  nearly. 
Find,  in  knots,  the  rate  per  hour.  Express  the  rate  also 
in  miles  per  hour. 

56.  The  steamer  Kronprim  Wilhelm  made,  in  September, 
1902,  a  voyage  from  Cherbourg  to  New  York  in  5  da. 
11  hr.  57  min.  Calculate  its  rate  per  hour,  the  distance 
from  Cherbourg  to  New  York  being  3184  knots. 

57.  In  May,  1900,  a  passenger  train  made  the  distance 
from  Burlington  to  Chicago,  205.8  mi.,  in  3  hr.  8  min. 
30  sec.     Calculate  its  rate  per  hour. 

58.  The  fastest  time  on  record  by  a  passenger  train  for 
a  distance  over  450  miles  was  made  in  October,  1896»  on 
the  Lake  Shore  and  Michigan  Southern  Railroad,  from 
Chicago  to  Buffalo,  a  distance  of  510  mi.,  in  8  hr.  1  min. 
Calculate  its  rate  per  hour. 

59.  The  run  from  London  to  Edinburgh,  393 J  mi.,  has 
been  made  in  7  hr.  45  min.     Find  the  speed  per  hour. 
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60.  The  market  quotations,  Feb.  19, 1903,  were:  wheat, 
78f  ^  per  bushel;  corn,  45|^  per  bushel;  oats,  34^  per 
bushel.  Find  the  price  of  100  lb.  of  each  of  these  com- 
modities. 

REVIEW  QUESTIONS 

1.  What  is  the  test  of  divisibility  by  4  ?  by  8?  by  25? 
by  126? 

2.  What  effect  on  the  value  of  a  fraction  has  multiply- 
ing both  its  terms  by  the  same  number  ? 

3.  What  effect  upon  the  value  of  the  fraction  has  the 
addition  of  the  same  number  to  both  of  its  terms  ? 

4.  What  is  the  reciprocal  of  a  number? 

5.  How  do  you  reduce  a  decimal  to  a  common  fraction  ? 

6.  How  do   you   reduce  a  concrete  quantity  to  the 
fraction  of  another  concrete  quantity  of  the  same  kind  ? 

7.  How  do  you  express  a  concrete  quantity  in  terms 
of  another  concrete  quantity  of  the  same  kind  ? 

8.  How  do  you  find  a  common  measure  of  two  fractions  ? 

9.  How  do  you  express  two  fractions  as  integers  in 
terms  of  a  common  unit  of  measure  ? 

10.  .  Explain  what  is  meant  by  the  analytical  method  of 
solving  problems. 

11.  How  would  you  arrange  three  fractions  in  order  of 
magnitude  ? 

12.  What  effect  upon  the  value  of  the  fraction  has 
dividing  the  denominator  by  an  integer? 


CHAPTER  XIII 

LONGITUDE  AND  TIME 

233.  A  meridian  is  an  imaginary  line  running  due  north 
and  south  from  pole  to  pole. 

234.  Longitude  is  the  distance,  expressed  in  circular 
measure,  east  or  west  from  the  prime  or  standard  meridian. 

The  meridian  through  any  particular  place  may  be  used 
as  the  prime  meridian.  The  meridians  through  the  ob- 
servatories of  Greenwich,  Washington,  Paris,  Madrid, 
Rome,  Stockholm,  Pulkova,  and  Lisbon,  have  been  used 
as  prime  meridians  by  the  nations  to  which  these  cities 
belong.  The  International  Geodetic  Congress,  which  met 
at  Washington  in  1884,  recommended  that  the  meridian 
passing  through  the  observatory  at  Greenwich,  a  suburb 
of  London,  be  the  prime  meridian.  This  recommenda- 
tion is  now  generally  adopted  by  the  great  nations  of  the 
world.  The  meridian  of  Greenwich  is  taken  as. prime 
meridian  in  this  book. 

The  longitude  of  a  place  is  the  number  of  degrees  the 
place  is  east  or  west  of  the  prime  meridian. 

Longitude  is  reckoned  in  either  direction  halfway  around 
the  earth  from  the  prime  meridian.  The  greatest  longi- 
tude a  place  can  have  is  180°  E.  or  180°  W.  The  meridian 
180°  E.  or  180°  W.  of  the  prime  meridian  is  a  continuation 
of  the  prime  meridian  on  the  other  side  of  the  earth,  and 
forms  with  the  prime  meridian  what  is  called  a  great  circle, 
passing  through  the  poles. 

248 
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335.  That  the  sun  rises  in  the  east,  sets  in  the  west, 
and  passes  once  every  24  hr.  over  the  meridian  of  every 
point  on  the  earth's  surface  are  obvious  phenomena.  The 
rising  of  the  sun  in  the  east,  and  its  setting  in  the  west, 
are,  however,  merely  apparent  phenomena  due  to  the  rota- 
tion of  the  earth  on  its  axis  once  every  24  hr. 

This  rotation  of  the  earth  on  its  axis  accounts  for  the 
fact  which  everybody  who  travels  a  considerable  distance 
east  or  west  experiences ;  namely,  that  the  local  time  in  one 
place  is  not  the  same  as  the  local  time  in  every  other  place. 

Consider  two  places,  one  being  east  of  the  other. 
As  the  sun  apparently  travels  from  east  to  west,  it 
will  be  directly  over  the  meridian  of  the  eastern  place 
before  it  is  directly  over  the  meridian  of  ihe  western 
place.  In  other  words,  it  will  be  noon  in  the  eastern 
place  before  it  is  noon  in  the  western  place.  When  it  is 
noon  in  the  western  place,  it  will  be  past  noon  in  the 
eastern  place.  Hence,  as  we  go  to  the  east,  local  time  is 
later.  To  give  an  illustration,  when  it  is  noon  in  New 
York  City  it  is  56  min.  past  4  o'clock  p.m.  in  London. 

Is  there  a  connection  between  the  difference  of  the 
longitudes  of  two  places  and  the  difference  between  the 
local  times  of  the  two  places  ?  Let  us  see.  Since  the  rate 
of  motion  .of  the  earth  on  its  axis  is  uniform,  and  further- 
more, since, 

in  24  hr.  the  earth  rotates  360"*, 
.*.  in  1  hr.  the  earth  rotates  15® ; 
.•.  in  1  min.  the  earth  rotates  15' ; 
.*.  in  1  sec.  the  earth  rotates  15". 

A  difference  of  15°  of  longitude  corresponds  to  a  differ- 
ence of  1  hr.  of  time.  A  differelice  of  15'  of  longitude 
corresponds  to  1  min.  of  time.  A  difference  of  15"  of 
longitude  corresponds  to  1  sec.  of  time. 
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We  have,  therefore,  a  connection  between  the  difference 
of  longitudes  and  the  difference  of  local  times  of  two 
places. 

The  sun  rises  at  almost  the  same  instant,  local  time,  at 
all  places  on  the  same  parallel  of  latitude.  Two  places 
on  the  same  meridian  have  the  same  local  time. 

East  longitude  and  west  longitude  are  designated  by^ 
E.  and  W.  respectively. 

EXERCISE  130  (Oral) 

1.  When  it  is  noon  at  London,  what  is  the  time  at  New 
Orleans,  90°  W.? 

2.  When  it  is  9  o'clock  a.m.  on  the  meridian  75°  W., 
what  is  the  time  on  the  meridian  90°  W.  ? 

3.  The  longitude  of  Denver  is  105°  W.  When  it  is 
3  o'clock  P.M.  in  Denver,  what  is  the  time  in  London  ? 

4.  Two  places  differ  in  longitude  by  20°.  What  is 
their  difference  in  time? 

5.  A  person  travels  east  15°.  What  change  must  he 
make  in  the  time  indicated  by  his  watch  so  that  it  may 
indicate  local  time  ?  Supposing  he  goes  the  same  distance 
west,  what  change  must  be  made  in  the  time  indicated  by 
his  watch  ? 

6.  When  it  is  noon  in  London,  what  is  the  longitude 
of  the  places  in  which  it  is  4  o'clock  p.m.?   5  o'clock  A.M.  ? 

7.  When  it  is  2  o'clock  p.m.  in  Washington,  what 
is  the  time  in  places  30°  W.  of  Washington?  in  places 
75°  E.  of  Washington  ? 

8.  What  is  the  difference  in  longitude  between  two 
places  which  differ  in  time  by  2  hr.  30  min.  ?  by  4  hr.  10 
min  ?  by  5  hr.  20  min.  ? 
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9.  If  a  person  travels  from  Denver  to  New  York,  will 
his  watch  be  fast  or  slow  when  he  reaches  New  York,  and 
how  much  ? 

10.  To  how  many  hours  does  a  difference  of  80°  in 
longitude  correspond? 

11.  What  difference  in  longitude  corresponds  to  a 
difference  of  4  hr.  20  min.  in  time? 

12.  A  person  living  on  the  90th  meridian  W.  wishes  to 
send  a  telegram  to  a  bank  in  New  York  City,  directing 
the  bank  to  pay  on  the  same  day  a  sum  of  money.  Up  to 
what  hour  in  the  afternoon  may  he  do  this,  allowing  30 
minutes  for  the  transmission  of  the  telegram,  taking  the 
longitude  of  New  York  as  74**  W.?  (New  York  banks 
close  at  3  P.M.) 

13.  At  places  on  the  same  parallel  of  latitude  the  sun 
rises  at  the  same  instant  local  time.  How  many  minutes 
earlier  does  the  sun  appear  to  a  person  who  travels  1°  E.  ? 

Longitudes  of  Cities  referred  to  in  this  Chapter 

Austin,  Tex 97°  44'  W. 

Baltimore,  Md 76°  37'  W. 

Bangor,  Me 68°  47'  W. 

Bismarck,  N.D 100°  47'  W. 

Boston,  Mass 71°    3'  50"  W. 

Brisbane,  Australia   .       .       .  153°    2' E. 

Buenos  Ayres,  Argentina       .  58°  22'  14"  W. 

Charleston,  S.C.        ...  79°  52'  58"  W. 

Chicago,  111 87°  40'  W. 

Cincinnati,  0 84°  24'  W. 

Constantinople,  Turkey  .       .  29°    0'  50"  E. 

Detroit,  Mich 83°    3'  W. 
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Dublin,  Ireland  . 
Galveston,  Tex. 
Havana,  Cuba     . 
Honolulu,  Hawaii 
Louisville,  Ky.    . 
Melbourne,  Australia 
Manila,  Philippine  Is 
Mexico  City,  Mexico 
Montreal,  Canada 
New  Orleans,  La. 
New  York,  N.Y. 
Norfolk,  Va. 
Paris,  France 
Pekin,  China 
Pensacola,  Fla. 
Philadelphia,  Pa 
Portland,  Ore. 
Providence,  R.I. 
Rome,  Italy  . 
St.  Louis,  Mo. 
St.  Petersburg,  Russia 
San  Francisco,  Cal 
Savannah,  6a.     . 
Tien-tsin,  China 
Tokio,  Japan 
Washington,  D.C. 


6°  20' 

94°  47' 

82°  21' 
157°  52' 

85°  46' 
144°  58' 
120' 

99' 

78' 

90' 

74' 

76' 
2' 


58' 
6' 

33' 
3' 
0' 

17' 

20' 


116' 

87' 
75' 

122' 
71' 
12' 
90' 
30' 

122' 
81' 

117' 

139' 
77' 


29' 
16' 

9' 
40' 
24' 
28' 
16' 
19' 
24' 

5' 
11' 
44' 

0* 


30"  W. 
W. 

30"  W. 
W. 
W. 
32"  E. 

3"E. 
39"  W. 

4"  W. 
28"  W. 
24"  W. 
32"  W. 
16"  E. 
E. 

6"  W. 

3"  W. 
W. 

20"  W. 
40"  E. 
W. 

40"  E. 
32"  W. 
25"  W. 
44"  E. 
80"  E. 
36"  W. 


Mcample  l.      Find  the    difference    between  the 
longitudes  of  Austin  and  Honolulu. 

Solution.     Honolulu,  157°    42'  W. 
Austin,    97°    44'  W. 


Honolulu  is  59°  58' 


69°    68' 
farther  west  than  Austin. 
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JExample  2.  Find  the  difference  between  the  longitudes 
of  Galveston  and  Constantinople. 

Solution.  Galveston,  94**  47'  W. 

Constantinople,  29**    0'  60"  E. 

Here,  the  places  are  on  opposite  sides  of  the  prime 
meridian.  By  going  east  from  Galveston,  94*"  47'  we 
arrive  at  the  prime  meridian,  and  by  going  29®  0'  50"  still 
farther  east,  we  arrive  at  Constantinople.  Hence,  the 
difference  between  the  longitudes  is  (94°  47'  +  29**  0' 
60")  =  123**  47'  60". 

To  find  the  difference  in  the  lon^itudea  of  two  places: 
(l)  Subtract  their  longitudes,  if  the  places  are  on  the  same 
side  of  the  prime  meridian.  (2)  Add  their  longitudes,  if 
the  places  are  on  opposite  sides  of  the  prime  meridian. 

EXERCISE  131  (Written) 

Find  the  difference  in  longitude  between : 

1.  Baltimore  and  Bismarck. 

2.  Bangor  and  Detroit. 

3.  Boston  and  Havana. 

4.  Buenos  Ayres  and  Chicago. 

5.  Charleston  and  Constantinople. 

6.  Cincinnati  and  Honolulu. 

7.  Cincinnati  and  Melbourne. 

8.  Havana  and  Rome. 

9.  Louisville  and  St.  Petersburg. 

10.  Constantinople  and  Tien-tsin. 

11.  Paris  and  Pekin. 

12.  Norfolk  and  Paris. 

13.  Montreal  and  Mexico  City. 

14.  Pensacola  and  Portland. 

15.  St.  Louis  and  St.  Petersburg. 

16.  Savannah  and  Dublin. 
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17.  San  Francisco  and  Dublin. 

18.  New  Orleans  and  Pekin. 

19.  Galveston  and  Tokio. 

20.  Austin  and  Manila. 

237.   Example  1.      Find  the  difference  in  local   time 
between  Boston  and  Portland,  Ore. 

Solution.     Portland,  122°    40'  W. 

Boston,    71°     3'    50''  W. 
50°    86'    10"  W. 

.-.  The  difference  between  the  longitudes  is  50°  36'  10". 

360°  of  longitude  corresponds  to  24  hours. 

.•.  1°  of  longitude  corresponds  to  ^*^  hr.  =  4  min. 

.'.  1'  of  longitude  corresponds  to  ^  min.  =  4  sec. 

.'.  50°  of  longitude  corresponds  to  4  min.  x  50  =  3  hr. 
20  min. 

.•.  36'  of  longitude  corresponds  to  4  sec.  x  36  =  2  min. 
24  sec. 

.*.  10"  of  longitude  corresponds  to  4  sec.  x  ^^  =  f  sec. 

An9,  3  hr.  22  min.  24|  sec,  or,  3  hr,  22  min.  25  sec, 
nearly. 

Example  2.     Find  the  difference  in  local  time  between 
Washington  and  Manila. 

Washington,  77°      0'     36"  W. 

Manila,        120°    58'       3"  E. 
197°    58'     39" 

The  difference  between  the  longitudes  is  197°  58'  39". 

197°  of  longitude  corresponds  to  4  min.  x  197  =  13  hr. 
8  min. 

58'  of  longitude  corresponds  to  4  sec.  x  58  =  3  min. 
52  sec. 

39"  of  longitude  corresponds  to  4  sec.  x  |^  =  2|  sec. 

AnB.  18  hr.  11  min.  54|^  sec,  or,  13  hr.  12  min.,  nearly. 
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EXERCISE  132  (Written) 

Find  the  difference  between  the  local  times  of : 

1.  Mexico  City  and  Montreal. 

2.  Philadelphia  and  San  Francisco. 

3.  Philadelphia  and  Dublin. 

4.  Norfolk  and  Tien-tsin. 

5.  Chicago  and  Tokio. 

6.  St.  Louis  and  Rome. 

7.  Austin  and  St.  Petersburg. 

8.  Savannah  and  Paris. 

9.  Washington  and  Brisbane. 

10.  Cincinnati  and  Manila. 

11.  Havana  and  Louisville. 

12.  Rome  and  Manila. 

13.  New  Orleans  and  Portland. 

14.  Providence  and  St.  Petersburg. 

15.  Montreal  and  Tokio. 

16.  Bangor  and  Melbourne. 

17.  Baltimore  and  Buenos  Ayres. 

18.  Charleston  and  Constantinople. 

19.  Boston  and  Austin. 

20.  Galveston  and  Pekin. 

238.  Example  1.  When  it  is  noon  in  Bismarck,  it  is  31 
min.  past  6  o'clock  p.m.  in  Liverpool.  Find  the  longi- 
tude of  Liverpool. 

Solution.     1  hr.  corresponds  to  15**  of  longitude. 
.•.- 1  min.  of  time  corresponds  to  15'  of  longitude. 
.'.  6  hr.  corresponds  to  15°  x  6  =  90**  of  longitude. 
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.*.  31  min.  corresponds  to  15'  x  31  =  7°  45'  of  longitude. 

.'.  6  hr.  31  min.  corresponds  to  97°  45'  of  longitude. 

.'.  Liverpool  is  97**  45'  east  of  Bismarck.  Longitude  of 
Bismarck  is  100°  47'  W. 

.-.  Longitude  of  Liverpool  is  (100°  47'  -  97°  45')  W. 
=  3°  2'  W. 

Example  2.  When  it  is  noon  Feb.  22  in  St.  Louis,  it  is 
15.1  min.  past  3  o'clock  a.m.  Feb.  23,  in  Adelaide,  Aus- 
tralia.    Calculate  the  longitude  of  Adelaide. 

Solution.  Time  difference  between  St.  Louis  and 
Adelaide  =  15  hr.  15.1  min. 

15  hr.  corresponds  to  15°  x  15  =  225**  of  longitude. 

15.1  min.  corresponds  to  15' x  15.1  =  226.5'  of  longi- 
tude =  3°  46'  30"  of  longitude. 

.-.  15  hr.  15.1  min.  corresponds  to  228°  46'  30"  of 
longitude. 

.-.  Adelaide  is  228°  46'  30"  E.  of  St.  Louis.  Longi- 
tude of  St.  Louis  is  90°  16'  W.  .-.  Longitude  of  Ade- 
laide =  (228°  46'  30"  -  90°  16')  E.  =  138°  30^  30"  E. 

EXERCISE  133  (Written) 
Calculate  the  longitude  of  each  of  the  following  cities, 
the  time  difference  bejbween  New  York  City  and  each  of 
them  being  given : 

1.  Berlin,  5  hr.  49.5  min. 

2.  Brussels,  5  hr.  13.4  min. 

3.  Calcutta,  10  hr.  49.2  min. 

4.  Edinburgh,  4  hr.  43.2  min. 

5.  Hamburg,  5  hr.  35.8  min. 

6.  London,  4  hr.  65.9  min., 

7.  Madrid,  4  hr.  41.1  min. 

8.  Vienna,  6  hr.  1.2  min. 
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9.  When  it  is  10  o'clock  A.M.  in  Philadelphia,  it  is 
37.6  min.  past  2  o'clock  P.M.  in  Belfast.  Find  the  longi- 
tude of  Belfast. 

10.  When  it  is  9  o'clock  P.M.  Feb.  22,  in  Washington, 
what  is  the  time  in  Tokio  ?  in  Tien-tsin  ?  in  Rome  ?  in 
St.  Petersbui'g  ?  in  Melbourne  ? 

STANDARD  TIME 

239.  If  every  place  used  its  own  true  local  time,  there 
would  be  endless  confusion  in  carrying  on  the  commerce 
of  the  country.  To  obviate  this,  what  is  known  as  Stand- 
ard time  was  introduced  by  the  railroads  and  business 
circles  in  1883. 


i^^^j^ 


'^'i.''"")* — *-4-~Ji-  ■■■■  I"" 


BEITK. 


By  Standard  time  is  meant  the  time  of  the  nearest 
meridian  which  is  a  multiple  of  15**.  The  United  States 
is  divided  into  four  belts,  known  as  the  Hastern  Be% 
Central  Beltj  Mountain  Belt,  and  Pacific  Belt.  Places 
situated  in  the  Eastern  Belt  use  75th  meridian  time,  places 
in  the  Central  Belt  use  90th  meridian  time,  places  in  the 
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Mountain  Belt  use  105th  meridian  time,  and  places  in  the 
Pacific  Belt  use  120th  meridian  time.  The  time  belts  are 
shown  in  the  accompanying  map.  Standard  time  is  now 
generally  used  throughout  the  civilized  worid. 

EXERCISE  134  (Written) 

1.  The  following  places  use  Eastern  time :  Charieston, 
New  York,  Norfolk,  Providence,  Philadelphia,  and  Wash- 
ington. Find  the  difference  between  the  Standard  time 
and  the  local  time  for  each  of  these  cities. 

2.  Austin,  Bismarck,  Chicago,  Cincinnati,  Detroit,  Gal- 
veston, Louisville,  New  Orleans,  Pensacola,  Savannah,  and 
St.  Louis  use  Central  time.  Find  the  difference  between 
the  Standard  time  and  the  local  time  for  each  of  these 
cities. 

3.  San  Francisco  and  Portland,  Oregon,  use  Pacific 
time.  How  many  minutes,  in  each  case,  does  this  differ 
from  local  time  ? 

4.  Find  the  difference  between  the  Standard  time  of 
San  Francisco  and  Nashville;  of  San  Francisco  and 
Quincy,  111. ;  of  Santa  Fe,  New  Mexico,  and  Cleveland ; 
of  Milwaukee  and  Denver;  of  Burlington,  Iowa,  and 
New  Haven,  Conn. 

5.  If  a  person  travels  from  Rochester  to  Memphis,  what 
change  should  he  make  in  the  time  of  his  watch  ?  If  he 
travels  from  Richmond,  Va.,  to  Salt  Lake  City,  what 
change  should  he  make  in  his  watch  ? 

6.  If  a  person  travels  from  Fort  Smith,  Ark.,  to  Port- 
land, Me.,  what  change  should  he  make  in  his  watch  ? 

7.  A  person  living  in  Omaha,  Neb.,  finds  that  24 
min.  must  be  added  to  the  time  of  sunrise  -as  given 
in  the  almanac  to  get  the  Standard  time  of  sunrise. 
Determine  the  longitude  of  Omaha. 
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8.  Clock  time  in  Indianapolis  is  16  min.  earlier  than 
local  time.     Determine  the  longitude  of  Indianapolis. 

9.  The  sun  rises  March  6,  in  Kansas  City,  at  26  min. 
past  6  o'clock,  local  time.  The  Kansas  City  clocks  indi- 
cate at  that  moment  46  min.  past  6  o'clock.  What  is 
the  longitude  of  Kansas  City  ? 

INTERNATIONAL  DATE  LINE 

240.  Consider  next  the  local  time  of  the  following 
meridians:  15**  E.,  30''  E.,  45°  E.,  60°  E.,  76°  E.,  and  so 
on  up  to  180^  E. 

1  o'clock  P.M.  on  the  meridian,     16°  E. 

2  o'clock  P.M.  on  the  meridian,  30°  E. 
8  o'clock  P.M.  on  the  meridian,  46°  E. 
4  o'clock  P.M.  on  the  meridian,     60°  E. 

.  12  o'clock  P.M.  on  the  meridian,  180°  E. 


When  it  is  noon 
in  Greenwich, 
it  is    .     .     . 


When  it  is  noon 
in  Green- 
wich, it  is  . 


11  o'clock  A.M. 

10  o'clock  A.M. 
9  o'clock  A,M. 
8  o'clock  A.M. 

11  o'clock  A.M. 

12  o'clock  A.M. 


on  the  meridian, 
on  the  meridian, 
on  the  meridian, 
on  the  meridian, 
on  the  meridian, 
on  the-  meridian, 


15°  W. 

30°  W. 

45°  W. 

60^  W. 
165°  W. 
180°  W. 


The  meridian  180°  W.  and  the  meridian  180°  E.  consti- 
tute one  and  the  same  meridian.  Take  any'  day,  for 
example,  March  2, 1903.  When  it  is  noon  March  2,  1903, 
in  Greenwich,  it  is,  in  places  near  the  180th  meridian. and 
just  east  of  the  180th  meridian,  near  the  beginning  of  the 
day,  March  2,  1903 ;  and  in  places  just  west  of  the  180th 
meridian,  it  is  near  the  end  of  the  day,  March  2,  1903,  i.e. 
places  on  opposite  sides  of  the  180th  meridian  differ  in 
time  by  one  day.  This  line  of  demarkation  is  known  as 
the  International  Date  Line.     When  it  is  Monday  contig- 
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uous  to  this  line  and  to  the  east,  it  is  Tuesday  across  this 
line  to  the  west. 

A  captain  sailing  in  an  easterly  direction,  on  crossing 
the  line  is  obliged  to  count  one  day  twice.  If  his  calen- 
dar says  it  is  Monday  when  he  reaches  the  180th  meridian, 
after  he  crosses  the  180th  meridian  he  is  in  territory 
where  it  is  Sunday. 

In  sailing  westward,  a  captain  has  to  omit  a  day  from 
his  calendar.  If  it  is  Sunday  when  he  comes  to  the  180th 
meridian,  after  he  crosses  it,  he  is  in  territory  where  it  is 
Monday. 

The  International  Date  Line  does  not  exactly  coincide 
with  the  180th  meridian.  The  accompanying  map  shows 
the  International  Date  Line. 

EXERCISE  135  (Written) 

1.  Mariners  carry  on  board  ships  chronometers  which 
keep  Greenwich  time.  When  it  is  noon,  local  time,  the 
chronometer  indicates  4  hr.  48  min.  p.m.  What  is  the 
longitude  of  the  ship  ? 

2.  When  it  is  10  o'clock  p.m.  March  2,  in  Washington, 
what  is  the  Standard  time  in  Manila  ?  Melbourne  ?  Berlin  ? 

3.  When  it  is  2  o'clock  A.M.,  Standard  time,  in  Denver, 
what  is  the  Standard  time  of  London?  Manchester? 
Glasgow  ?    Tien-tsin  ?    Constantinople  ? 

4.  A  telegram  is  sent  from  Madrid  to  Washington  at 

9  o'clock  A.M.  Allowing  1  hr.  for  transmission,  when 
will  it  reach  Washington  ?    (See  Example  7,  Exercise  133.) 

5.  At  noon,  local  time,  a  chronometer  indicates  11 
o'clock  P.M.     What  is  the  longitude? 

6.  A  telegram  is  sent  from  Galveston  to  London  at 

10  o'clock  P.M.  When  will  it  be  received,  allowing  2 
hr.  for  transmission? 
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FACTS  ABOUT  THE   EARTH 

Latitude  is  the  distance  in  degrees  north  or  south  from 
the  equator,  measured  on  a  meridian. 

The  following  table  directs  attention  to  measurements 
on  the  earth's  surface,  of  which  everybody  should  have  a 
clear  conception  : 


LXNGTH  OP  1°  OP 

LkNOTU  ok  1°  OF 

Lbnoth  op  1°  OP 

LkXOTH  op  1°  OF 

Latitude 

LOIVGITUDK 

Latitudx 

LONQITUDB 

0° 

362,746  ft. 

365,230  ft. 

50° 

364,930  ft. 

235,240  ft. 

10° 

362,860  ft. 

359,720  ft. 

60° 

365,540  ft. 

183,085  ft. 

20° 

363,180  ft. 

343,340  ft. 

70° 

366,040  ft. 

125,295  ft 

30° 

363,675  ft. 

316,570  ft. 

80° 

366,365  ft. 

63,630  ft. 

40° 

364,280  ft. 

280,180  ft. 

90° 

366,480  ft. 

Oft. 

EXERCISE  136  (Written) 

1.  Express  in  miles  and  the  decimal  of  a  mile  the  length 
of  1^  of  latitude  at  the  equator;  at  20^  N. ;  at  40°  S.;  at 
60°  N.;  at  90°. 

2.  What  is  the  length,  in  miles  and  the  decimal  of  a 
mile,  of  1°  of  longitude  on  the  20th  parallel  of  latitude  ? 
on-  the  30th  parallel  of  latitude  ?  on  the  40th  parallel  of 
latitude  ?  on  the  50th  parallel  of  latitude  ?  on  the  60th 
parallel  of  latitude  ? 

3.  Find  approximately  the  length  of  1°  of  longitude  in 
your  own  locality;  of  1°  of  latitude. 

4.  Where  does  a  degree  of  latitude  attain  its  maximum 
length  ?     Where  its  minimum  ? 

5.  Where  is  a  degree  of  longitude  of  greatest  length  ? 

6.  A  knot  is  an  arc  of  1  min.  on  a  meridian  of  the 
earth's  surface.  Calculate  the  length  of  1  knot  near 
the  equator;  at  40°  N.;  at  60°  N.;  at  80°  N.;  at  90°  N. 
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7.  What  is  the  length  in  feet  of  an  arc  of  1"  on  the 
40th  parallel  of  latitude  ?  What  is  the  length  in  feet  of 
an  arc  of  5"  on  the  60th  parallel  of  latitude  ? 

8.  Two  places  on  the  30th  parallel  of  latitude  are  3®  80' 
apart.  How  many  miles  is  one  place  from  the  other  on  a 
line  due  E.  ? 

REVIEW  QUESTIONS 

1.  Define  meridian,  longitude,  latitude. 

2.  Do  people  who  live  east  of  you  have  noon  earlier 
or  later  than  you  do  ? 

3.  The  common  schools  are  generally  dismissed  about 
three  o'clock.  At  what  places  are  they  dismissed  about 
the  time  school  begins  in  your  locality? 

4.  How  would  you  find  the  number  of  degrees  differ- 
ence in  longitude  between  two  places  on  opposite  sides  of 
the  first  meridian  ? 

5.  How  would  you  find  the  difference  in  time  between 
two  places,  the  difference  in  longitude  being  given  ? 

6.  How  would  you  find  th^  difference  in  longitude 
between  two  places,  the  difference  in  time  being  given  ? 

7.  If  you  are  given  the  difference  in  time  between  two 
places  and  the  longitude  of  one  of  them,  how  do  you 
find  the  longitude  of  the  other  place? 

8.  What  is  Standard  time  ? 

9.  Name  the  Standard  time  belts  of  the  United  States. 

10.  How  are  you  situated  with  reference  to  a  standard 
meridian,  if  your  local  time  is  faster  than  your  Standard 
time? 

11.  When  it  is  noon  on  May  1  on  the  Fiji  Islands,  what 
day  of  the  month  and  hour  of  the  day.  Standard  time, 
is  it  in  Samoa? 
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MEASUREMENTS  AND  VALUES 


Fio.  1. 


241.  A  triangle   is   a   portion  of   a  plane  bounded  by 
three    straight    lines.       ABC   is    a 

triangle. 

242.  Two  straight  lines  are  parallel 
if  they  can  never  meet  no  matter  how 
far  they  may  be  produced. 

243.  A  quadrilateral  is  a  por- 
tion of  a  plane  bounded  by  four 
straight  lines.  Figure  2  repre- 
sents a  quadrilateral. 

244.  A  quadrilateral  having 
its  opposite  sides  parallel  is 
called  a  parallelogram.  Figure 
3  is  a  parallelogram. 

The  sides  AB^  CD  are  paral- 
lel. Also  the  sides  AB^  B  C  are 
parallel. 

245.  Consider  next  ^ 
the  parallelogram 
ABCB  (Fig.  4)  and 
the  rectangle  A-B^i!f. 
They  have  a  common 
side  AB,  By  actual 
trial  we  find  that  the 
triangle  BKC  is  equal  to  the  triangle  AMD.     If  we  take 
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the  triangle  AMD  from  the  figure  ABCM^  the  parallelo- 
gram remains.  If  we  take  the  triangle  BKG  from  the 
figure  ABOM^  the  rectangle  remains.  Hence,  the  rect- 
angle equals  the  parallelogram  in  area.  But  the  area  of 
the  rectangle  is  obtained  by  taking  the  product  of  its  two 
dimensions,  i.e.  AB  and  BK.  Therefore,  the  area  of  the 
parallelogram  is  equal  to  AB  x  BK. 

AB  is  called  the  base  of  the  parallelogram ;  BK^  i.e.  the 
distance  between  the  parallel  sides,  is  called  the  altitude^ 
or  height^  of  the  parallelogram. 

Consequently,  the  area  of  a  parallelogram  equals  the 
product  of  its  base  by  its  altitude. 

246.  A  quadrilateral  having  two  sides  parallel  is  called 
a  trapeioid.  ABQB  (Fig.  5)  is  a  trapezoid,  having  AB 
paraUel  to  DC.  AB 
and  OB  are  respectively 
the  lower  and  upper 
bases  pf  the  trapezoid. 

247.  Take  a  piece  of  Fio,  5, 
paper  and  make  a  trape- 
zoid.     Make    another 
trapezoid  just  equal  to 
it. 

Place  them  as  shown 
in  Fig.   6.     You  then  ^  a  B 

have    a    parallelogram  Fig.  6. 

KBOL.  Its  area  is  equal  to  (^KA  +  J.B)  x  height  of  the 
parallelogram,  i.e.  equal  to  (1X7  +  ^jB)  x  height  of  the 
parallelogram. 

The  trapezoid  is  \  of  KBOL. 

.-.  The  area  of  the  trapezoid  ABO  I)  equals  J  of  (2>(7  + 
AB)  X  the  height  of  the  trapezoid. 
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Consequently,  the  area  of  a  trapezoid  equals  one-half 
the  sum  of  its  parallel  sides  multiplied  by  the  distance 
between  them. 

248.  If  one  of  the  bases,  e,g.  i>(7,  of  a  trapezoid  were  to 
become  smaller  and  smaller,  we  should  ultimately  have  a 
triangle.  Hence,  the  area  of  a  triangle  equals  one-half  of 
its  base  multiplied  by  its  height. 

BOARD  MEASURE 

249.  Lumber  is  measured  by  the  board  foot.  A  board 
foot  is  a  rectangular  solid  12  in.  by  12  in.  and  1  in.  in 
height. 

If  a  board  is  1  in.  thick,  the  number  of  board  feet  in  it 
is  measured  by  the  number  of  square  feet  in  its  upper  or 
lower  surface.  Thus,  a  board  8  ft.  long,  8  in.  wide,  and 
1  in.  thick  contains  8  x  f  board  feet.  If  a  board  is  more 
than  1  in.  thick,  the  number  of  board  feet  in  it  is 
measured  by  the  area,  in  square  feet,  of  its  upper  or  lower 
surface  multiplied  by  the  number  denoting  the  thickness 
in  inches.  Thus,  a  board  9  ft.  by  14  in.  and  2J  in.  thick 
contains  9  x  ^  X  2 J  board  feet. 

The  number  of  board  feet  in  a  board  less  than  1  in.  in 
thickness  is  measured  by  the  number  of  square  feet  in  its 
upper  or  lower  surface.  Thus :  A  board  10  ft.  by  15  in. 
and  f  in.  thick  contains  10  x  ^|-  board  feet. 

EXERCISE  137  (Oral) 

1.  How  many  board  feet  are  in  a  board  8  ft.  by  IJ  ft. 
and  1  in.  thick  ? 

2.  How  many  board  feet  are  in  a  board  9  ft.  by  16  in. 
and  I  in.  thick  ?  Find  the  cost  of  the  board  at  3J  ^  per 
board  foot. 
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3.  How  many  board  feet  are  in  a  plank  24  ft.  by  15  in. 
and  2  in.  thick  ?  In  a  board  20  ft.  by  12  in.  and  3  in. 
thick  ? 

4.  How  many  board  feet  are  in  a  railroad  tie  24  ft. 
by  8  in.  and  6  in.  thick  ? 

5.  Find  the  number  of  board  feet  in  each  of  the  follow- 
ing pieces  of  lumber : 

(a)  18  ft.  by  16  in.  and  IJ  in.  thick. 

(6)  12  ft.  by  8  in.  and  6  in.  thick, 

(e?)  24  ft.  t)y  9  in.  and  3  in.  thick, 

(c?)  16  ft.  by  8  m.  and  4  in.  thick, 

(e)  18  ft.  by  12  in.  and  3  in.  thick. 

(/)  21  ft.  by  16  in.  and  3  in.  thick. 

{g^  30  ft.  by  14  in.  and  2J  in.  thick. 

(A)  28  ft.  by  15  in.  and  3|  in.  thick. 

EXERCISE  138  (Written) 

1.  Find  the  cost  of  480  boards,  each  1\  in.  by  10  in. 
and  16  ft.  long,  @  $27.50  per  M.  ("Per  M"  means 
"by  the  1000"  board  feet.) 

2.  Find  the  cost  of  840  boards,  each  1|  in.  by  10  in. 
and  12  ft.  long  each,  @  $  25  per  M. 

3.  How  many  board  feet  are  in  a  board  24  ft.  long,  12 
in.  wide  at  one  end  and  16  in.  wide  at  the  other  end,  and 
2|  in.  thick  ? 

4.  How  many  board  feet  are  in  a  board  18  in.  wide  at 
one  end,  12  in.  wide  at  the  other  end,  2^  in.  thick,  and  28 
ft.  long? 

5.  How  many  board  feet  are  in  a  cubical  block  of 
wood,  each  of  whose  dimensions  is  2  ft.  ? 

6.  How  many  board  feet  are  in  a  beam  9  in.  by  9  in. 
and  54  ft.  long  ? 
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7.  How  many  cubic  feet  are  equivalent  to  120  board 
feet? 

8.  How  many  board  feet  are  in  a  beam  11  in.  by  12  in. 
and  36  ft.  long  ? 

9.  A  piece  of  lumber  contains  2980  cu.  in.  Express 
this  in  board  feet,  understanding  that  the  piece  is  more 
than  1  in.  in  thickness. 

10.  Find  the  number  of  board  feet  in  a  beam  12  in.  by 
6  in.  at  one  end,  9  in.  by  6  in.  at  the  other  end,  and  27  ft. 
long? 

MASONKY  AND  BRICKLAYING 

250.  Stone  work  is  estimated  by  the  perch,  also  by  the 
cubic  foot. 

251.  A  perch  of  masonry  is  24|  cu.  ft.  It  is  a  wall 
1  rd.  long,  1^  ft.  wide,  and  1  ft.  high.  Perch  is,  in  Great 
Britain,  another  name  for  rod.  Of  the  24J  cu.  ft.  in  a 
perch,  22  cu.  ft.  are  allowed  for  stone  and  2|  cu.  ft.  are 
allowed  for  mortar,  i.e.  eight-ninths  for  stone  and  one- 
ninth  for  mortar. 

In  estimating  the  number  of  perches  of  masonry  in  the 
walls  of  a  building,  the  outside  dimensions  of  the  walls  are 
taken.  This  method  of  reckoning  counts  the  corners 
twice.  In  estimating  the  amount  of  material,  the  com- 
putation should  be  exact,  inside  and  outside  dimensions 
being  reckoned. 

252.  Twenty-two  common  bricks,  i.e.  bricks  8  in.  by  4 
in.  by  2  in.,  are  reckoned  as  a  cubic  foot. 

EXERCISE  139  (Written) 
1.   How  many  perches  of  masonry  are  in  a  wall  84  ft. 
long,  16  ft.  high,  and  IJ  ft.  thick  ?     How  many  common 
bricks  are  required  to  build  this  wall  ? 
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2.  A  cellar  is  36  ft.  long,  18  ft.  wide,  and  8  ft.  deep. 
How  many  cubic  feet  of  masonry  are  in  its  walls  if  they 
are  2  ft.  thick  ?  What  is  the  actual  number  of  cubic  feet 
in  the  walls  ? 

3.  How  many  bricks  are  necessary  to  build  a  wall  25 
ft.  long,  12  ft.  high,  and  24  in.  .in  thickness?  What 
is  the  cost  of  the  bricks  at  #9  per  M  ? 

4.  How  many  cubic  feet  of  mortar  are  required  to  build 
a  wall  600  ft.  long,  10  ft.  high,  and  18  in.  in  thickness  ? 
How  many  common  bricks  are  required  to  build  this  wall  ? 

5.  At  f  9.60  per  M,  what  is  the  cost  of  the  bricks  re- 
quired to  build  a  house  40  ft.  by  36  ft.  and  40  ft.  high  to 
the  eaves,  the  highest  point  of  the  gable  end  being  62  ft. 
above  the  ground,  and  the  walls  1 J  ft.  thick  ?  Allow  270 
cu.  ft.  for  openings. 

CARPETING 

253.  1.  How  many  yards  of  carpet  are  needed  for  a 
room  18  ft.  by  12  ft.,  if  the  carpet  is  27  in.  wide  ? 

18  ft. 


F 


12  ft. 


Solution.     (1)  Let  the  carpet  be  placed  crosswise. 
Number  of  strips  =  18  ft.  -s-  27  in.  =  18  ft.  -f-  2 J  ft.  =8. 
.'.  Number  of  yards  =  12  x  8  -f-  3  =  32.     Am.  32  yd. 


12fL 
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(2)  Let  the  carpet  be  placed  lengthwise. 

Number  of  strips  = 
12  ft. -s- 2^  ft.  =  SJ.  ^^^*- 

Here  6  strips  are 
needed.  The  fraction 
of  a  strip  may  be  eithef 
cut  off  or  turned  under. 

.'.  Number  of  yards 
=  6  yd.  X  6  =  36  yd. 
Ans.  36  yd. 

To  find  the  number  of  yards  of  carpet  required  to  carpet 
a  room : 

1.  Draw  a  diagram  of  the  room. 

2.  Find  the  number  of  strips. 

3.  Multiply  the  number  of  strips  by  the  number  of  yards 
in  one  strip. 

EXERCISE  140  (Written) 

1.  How  many  yards  of  carpet  are  required  to  cover  a 
room  18  ft.  by  16  ft.  with  carpet  30  in.  wide,  if  the  strips 
are  laid  crosswise  ? 

2.  How  many  yards  of  carpet  J  of  a  yard  wide  are 
needed  to  carpet  a  room  24  ft.  by  18  ft.,  if  the  carpet  runs 
lengthwise  ? 

3.  How  many  yards  of  matting  36  in.  wide  are  required 
to  cover  a  room  16  ft.  by  12  ft.,  the  matting  being  laid 
crosswise  ? 

4.  How  many  yards  of  carpet  30  in.  wide  are  needed 
to  carpet  a  room  24  ft.  long,  20  ft.  wide,  if  the  carpet  is 
laid  crosswise  ? 

5.  Find  the  cost  of  carpeting  a  room  16  ft.  by  14  ft.  with 
carpet  27  in.  wide  at  90^  a  yard,  the  strips  being  laid 
lengthwise. 
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FOREIGN  MONEY 

254.  The  unit  of  money  in  the  British  Isles  is  the  sov- 
ereign, or  pound  sterling.  Its  value  in  United  States  money 
is  $4.8665. 

ENGLISH  MONEY 

4  farthings  =  1  penny  (rf.) 
12  pence       =  1  shilling  (s.) 

20  shillings  =  1  pound  sterling  (£) 

5  shillings  =  1  crown 

21  shillings  =  1  guinea 

£  1  =  20s,  =  24Qd.  =  960  farthings 

The  abbreviations  JB,  «.,  d.,  are  the  initial  letters  of  the 
names  of  the  Roman  coins,  libra,  solidus,  denarius. 

EXERCISE  141  (Oral) 

1.  How  many  pence  are  in  2«.  ?   in  4«.  ?   in  8s,  ?   in  10«.  ? 

2.  How  many  shillings  are  in  J  sovereign ?  in  £2?  in 
£2108.?  inje5  10«.? 

3.  Reduce  to  shillings  2id. ;  120d. ;  144d. 

4.  Reduce  J  of  a  sovereign  to  lower  denominations. 

5.  What  is  the  value  in  United  States  money  of  J  of  a 
sovereign  ? 

6.  What  part  of  jB  2  is  5«.  ?  What  part  of  jB  1  is  28. 
6d.  ?     What  part  of  <£  1  is  6«.  Sd.  ? 

7.  What  decimal  of  <£  1  is  3«.  4i.  ?   8«.?   12«.? 

8.  To  how  many  shillings  is  J  of  a  sovereign  equiva- 
lent? 

255.  Example  l.  Reduce  Vis.  6Ji.  to  the  decimal  of  a 
pound  sterling. 
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Solution,     lis.  6Jd.  842    farthings  =  f|f    of 

12 jei^^g^of  £1  =  £.8771. 

!84.2 


210^d.  12 

4  8 

842  farthings. 


7.01666 


.8770838 


EXERCISE  142  (Written) 

1.  Reduce  13«.  Qd.  to  the  decimal  of  £  1. 

2.  Reduce  12«.  6i.  to  the  decimal  of  £  1. 

3.  Reduce  17«.  8|d.  to  the  decimal  of  .£1. 

4.  Reduce  188.  l^d.  to  the  decimal  of  £1, 

5.  Convert  £  5  12«.  64.  into  United  States  currency. 

6.  Convert  £  8  11«.  8d.  into  United  States  currency. 

7.  Convert  £  9  0«.  6d.  into  United  States  currency. 

8.  Change  $114.85  into  English  currency. 

9.  Change  $175.15  into  English  currency. 
10.   Express  $1  as  a  decimal  of  .£1. 

U.   Express  $1  in  shillings  and  the  decimal  of  a  shilling. 

12.  Express  1«.  as  a  decimal  of  $1. 

13.  Find  in  United  States  currency  the  difference  be- 
tween 25  ^  and  Is. 

14.  A  man  earns  3«.  9d.  a  day.  Find  the  least  number 
of  days  in  which  he  can  earn  an  exact  number  of  half- 
sovereigns. 

15.  When  tea  sells  for  2».  8c?.  per  lb.,  what  is  the  least 
number  of  pounds  corresponding  in  value  to  an  exact 
number  of  sovereigns  ? 

16.  From  <£20  take  <£14  14».  lO^d. 

17.  Divide  X125  10«.  8d.  by  8. 

18.  When  yearlings  sell  for  £2  lie.  Qd.^  how  many 
can  be  bought  for  £11  17«.  6d.? 
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FOREIGN  COINS  AND  THEIR  VALUES 


COUNTBT 


Btand- 

ABD 


MONXTAST  U2TIT 


Valub 


Otheb  Coins 


Argentine  Re- 
public   .     .     . 

Austria    .    .     . 
Belgium  .     .    . 

Brazil .    .     »    . 

Central  Ameri- 
can States,  ex- 
cept Costa  Rica 

Costa  Rica   .    . 


Chile  .     .     .     . 


Cuba  .... 

Denmark  .  . 
Egypt.  .  .  . 
France     ... 

German  Empire 

Great  Britain  . 
Greece  .  .  . 
Italy  .  .  .  . 
Japan .... 
Mexico    .    .    . 


double 
gold 
double 
gold 

silver 
gold 

gold 

double 

gold 
gold 
double 

gold 

gold 

double 

double 

gold 

double 


1  peso =100  centavos 
1  kroiie=100  heller 
1  franc =100  oentimes 
1  milrei8=1000  reis 


1  peso =100  centavos 
1  colon =100  centimes 


f  gold,  1.96476 
I  silver,  $.9362 
r  gold,  $.20266 
I  silver,  $.1736 
f  gold,  $.19296 
I  silver,  $.1736 
f  gold,  $.64636 
I  silver,  $.486 


silver,  $.384 
r  gold,    2    co- 
l  lons=$.9307 


argentine, 
$4.8238 

ducat, 
$2.2878 


1  peso=100  centavos 

1  peseta =100  centimes 

1  krone =100  ore 
1  pound = 100  piastres 
1  franc =100  centimes 

1  mark =100  pfennigs 

1  pound  sterling 
drachma 

1  lira =100  centesime 
yen 

1  dollar  or  peso  =  100 
centavos 


gold,  $.366 


r  gold,  $.19296 

I  silver,  $.1736 

( gold,  $.26799 

1  silver,  $.249 

gold,  $4,943 

f  gold,  $.19296 

\  silver,  $.1736 

f  gold,  $.23821 

1  silver,  $.2078 

gold,  $4.8666 

gold,  $.193 

gold,  $.193 

gold,  $.4964 

gold,  $.9839 


doubloon, 
$16.7389 

condor, 

$7.2998 
doubloon, 

$3,649 
Qscudo, 
$1,824 
peso, 
$.926 


krone, 
$2.3821 
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Country 


Netherlands 

Norway  .  . 
Pern  .  .  . 
Portugal  .     . 

Russia  .  . 
Spain  .  .  . 
Sweden  .  . 
Switzerland . 
Venezuela    . 


Stand- 

AKD 


double 

gold 
gold 
gold 

gold 

double 

gold 

double 

double 


MoNSTARY  Unit 


1  florin =100  cents 

1  krone =100  ore 
1  sol =100  centavos 
1  milreis=1000  reis 

1  ruble =100  kopecks 
1  peseta = 100  centimos 
lkrona=100ore 
1  franc =100  centimes 
1  Bolivar 


Valu« 


f  gold,  1.40195 
I  silver,  ^.3928 
gold,  9.26799 
gold,  9.48665 
gold,  91.0804 
f  gold,  9.5146 
I  silver,  $.748 
r  gold,  9.19295 
I  silver,  9.1735 
r  gold,  9.26799 
I  silver,  9.2494 
rgold,9ai>295 
I  silver,  9.1735 
r  gold,  9.19295 
IsUver,  9.1735 


Othsb  Coins 


Silver  coins  fluctuate  in  value.  The  value  of  a  foreign 
silver  coin  depends  upon  the  market  value  of  silver  and 
the  amount  of  silver  the  coin  contains. 


EXERCISE  143  (Written) 

1.  Express  the  value  of  JSI  in  French  currency;  in 
German  currency  ;  in  Austrian  currency. 

2.  Change  to  United  States  currency  (a)  450  francs, 
(6)  550  pesetas,  ((?)  280  Norwegian  krones,  (d)  900  marks, 
(e)  200  colons,  (/)  720  Austrian  krones,  (^)  450  Danish 
krones. 

3.  Find  in  United  States  currency  the  difference  in 
value  between  1000  francs  and  $193. 

4.  Find  the  value  of  $1000  (a)  in  the  money  of  Costa 
Rica;  (6)  in  Austrian  currency;  (c)  in  Cuban  currency; 
(d)  in  Swedish  currency. 
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5.  What  is  the  equivalent  in  United  States  money  of 
200,000  bolivars  (Venezuela)? 

6.  What  is  the  equivalent  in  United  States  money  of 
10,000  Mexican  gold  dollars? 

7.  Express  f  1  in  Peruvian  monetary  units. 

8.  Express  f  1  in  Norwegian  monetary  units. 

9.  Find  in  United  States  currency  the  difference  be- 
tween the  value  of  10,000  Japanese  yen  and  $5000. 

10.   What  is  the  value  of  10,000  Portuguese  milreis  ? 

SPECIFIC  GRAVITY 

256.  The  ratio  of  the  weight  of  any  given  volume  of  a 
substance  to  the  weight  of  an  equal  volume  of  another 
substance  taken  as  a  standard  is  called  the  speoific  gravity 
of  that  substance. 

The  standard  taken  for  solids  and  liquids  is  water. 
Specific  gravity,  then,  simply  means  how  many  times 
as  heavy  as  water  a  substance  is.  Thus,  cast  iron  is  7.21 
times  as  heavy  as  water,  and  hence  its  specific  gravity  is 
7.21.  Cork  is  about  one-fourth  as  heavy  as  water,  and 
hence  its  specific  gravity  is  J. 

257.  Table  of  Specific  Gravities 

Ash.    .    .    .84    Ebony     .    1.33    Steel  .  .    7.83  Clay   .    .    1.2 

Beech  .    .    .85    Glass  .    .    2.89    Copper  .    8.95  Mercury .  18.57 

Brass    .    .  8.40    Gold  .    .  19.26    Silver .  .  10.47  Bar  iron .    7.79 

Butter  .    .    .94    Granite  .    2.78    Lead  .  .11.38  Platina    .  21.5 
Ice   .    .    .    .92 

EXERCISE  144  (Written) 

1.  A  cubic  foot  of  water  weighs  1000  oz.     Find  the 
weight  of  1  cu.  ft.  of  steel. 

2.  Find  the  weight  of  1  cu.  in.  of  water.     Find  the 
weight  of  1  gal.  of  water. 


276  ABITHMBTIO 

3.  Find  the  weight  of  1  bushel  measure  filled  with 
water. 

4.  A  cubic  foot  of  marble  weighs  2700  oz.  Find  the 
specific  gravity  of  marble. 

5.  A  cubic  foot  of  sea  water  weighs  64|  lb.  Find  the 
specific  gravity  of  sea  water. 

6.  A  cubic  foot  of  goat's  milk  weighs  65  lb.  Find 
how  many  times  as  heavy  as  water  goat's  milk  is. 

7.  The  mercury  in  the  barometer  exactly  counterbal- 
ances the  pressure  of  the  atmosphere.  If  the  barometer 
is  30  in.  high,  find  the  pressure  of  atmosphere  upon  every 
square  inch  of  surface. 

8.  A  swimming  pool  of  fresh  water  is  25  ft.  by  16  ft. 
and  5  ft.  deep.     Find  the  weight  of  the  water  it  contains. 

9.  A  block  of  granite  is  6  ft.  by  4  ft.  and  2  ft.  thick. 
Find  its  weight  in  tons. 

10.  Find  the  weight  of  1  cu.  in.  of  gold ;  of  1  cu.  in. 
of  silver ;  of  1  cu.  in.  of  platina ;  of  1  cu.  in.  of  lead. 

u.  A  block  of  ice  3  ft.  by  2  ft.  and  1  ft.  thick  weighs 
how  many  pounds  ? 

12.  What  is  the  weight  in  tons  of  1  cu.  yd.  of  clay  ? 

13.  Find  the  weight  of  the  butter  required  to  fill  a  box 
16  in.  by  9  in.  by  8  in. 

14.  A  cellar  is  18  ft.  by  12  ft.  and  8  ft.  deep.  Find 
the  weight  of  the  water  required  to  fill  it.  The  weight 
of  1  cu.  ft.  of  air  is  jj^  oi  the  weight  of  1  cu.  ft.  of  water. 
Find  the  weight  of  the  air  required  to  fill  the  cellar. 

15.  Find  the  weight  of  the  air  in  a  hall  27  ft.  by  24  ft. 
and  15.46  ft.  high. 

16.  A  cubic  foot  of  coal  weighs  81J  lb.  Find  the 
specific  gravity  of  coal. 
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17.  How  many  cubic  inches  of  copper  weigh  just  as 
much  as  1  cu.  in.  of  platina  ? 

18.  Find  the  weight  of  a  block  of  ebony  4  ft.  long,  9  in. 
wide,  and  8  in.  thick. 

19.  Find  the  weight  of  a  block  of  ash  12  in.  long,  8  in. 
wide,  and  6  in.  thick. 

20.  How  many  times  as  heavy  as  glass  is  mercury  ? 

21.  What  is  the  weight  of  a  bar  of  iron  2  in.  by  2  in. 
and  8  ft.  long  ? 

22.  Find  the  weight  of  a  beam  of  beech  wood  8  in.  by 
6  in.  and  12  ft.  long. 

23.  Which  is  the  heavier,  3  cu.  ft.  of  steel  or  8  cu.  ft. 
of  glass  ? 

MEASURE   OF  TEMPERATURE 

258.  A  thermometer  is  an  instrument  for  measuring 
heat.  It  consists  of  a  glass  tube  ending  in  a  bulb.  The 
tube  is  carefully  graduated,  and  is  partially  filled  with 
mercury  or  some  other  liquid.  The  mercury  thermome- 
ters are  the  only  ones  in  common  use.  The  principle  of 
the  thermometer  is  that  substances  expand  with  heat, 
according  to  a  natural  law. 

259.  There  are  two  different  styles  of  thermometer  in 
general  use,  —  the  Centigrade  and  the  Fahrenheit.  The 
Centigrade  thermometer  marks  the  melting  point  of  ice 
0®,  and  the  boiling  point  of  water  100°.  The  interval 
between  these  points  is  divided  into  100  parts  or  degrees, 
so  that  the  change  in  the  volume  of  the  mercury  between 
any  two  consecutive  marks  is  ^^  ^^  ^^^  change  from  0®  to 
100°.  The  Centigrade  thermometer  was  first  proposed  by 
Celsius,  a  Swedish  astronomer,  who  lived  in  the  first  half 
of  the  eighteenth  century.  It  is  the  only  thermometer 
used  in  science. 
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To  the  ordinary  individual,  the  best  known  thermome- 
ter is  Fahrenheit's.  This  thermometer  divides  the  interval 
from  the  melting  point  of  ice  to  the  boiling  point  of  water 
into  180°.  It  marks  the  melting  point  of  ice  32°,  and  the 
boiling  point  of  water  212°. 


Boiling  point 
of  water 


Freezing  point 
of  water 


Twenty  degrees-  20* 
below  zero 


lOCf 


•212°Botfingpoir!t 
of  water 


Centi, 


igrade  ^^ 


32°    Freezing  point 
of  water 


0"     Zero 


•lO"*   Ten  degrees 
below  zero 


o 


Fahrenheit 


Fahrenheit,  the  inventor  of  the  thermometer  which 
bears  his  name,  took  for  the  zero  of  his  scale  the  lowest 
temperature  observed  by  him  at  Dantzic  in  the  winter  of 
1709,  which  resulted  from  mixing  snow  and  sal  ammoniac. 

260.  Notation.  92°  C.  means  92  degrees  on  the  Centi- 
grade thermometer. 

45°  Fahr.  means  45  degrees  on  Fahrenheit's  thermometer. 

4- 10°  means  10  degrees  above  zero. 

—  10°  means  10  degrees  below  zero. 
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261.  JExample  1.  Express  92''  Fahr.  on  the  Centigrade 
scale. 

Solution.  92**  Fahr.  is  (92** -32^)  Fahr.  above  the 
melting  point  of  ice.  Hence,  we  have  to  express  the 
value  of  this  diiference,  namely,  60**  Fahr.  on  the  Centi- 
grade scale. 

180**  Fahr.  =  100**  C. 

.-.  r  Fahr.  =  if^^C.  =  f  C. 
.-.  60"  Fahr.  =4^"  C.=  33f  C. 
.-.  92"Fahr.=33i**C. 
Example  2.    Express  —  8**  Fahr.  on  the  Centigrade  scale. 
Solution.        — 8**  Fahr.  is  40**  Fahr.  below  freezing. 
rFahr.=4"C. 
.-.  40**  Fahr.  =  ^  C.  =  22|^  C. 
.-.  40**  Fahr.  below  freezing  is  -  22|**  C. 
.-.  -8**  Fahr.  = -221**  C. 

EXERCISE  145  (Written) 

1.  Express  86**  Fahr.  on  the  Centigrade  scale. 

2.  Express  77**  Fahr.  on  the  Centigrade  scale. 

3.  Express  203**  Fahr.  on  the  Centigrade  scale. 

4.  Express  248**  Fahr.  on  the  Centigrade  scale. 

5.  Express  68**  Fahr.  on  the  Centigrade  scale. 

6.  Express  54**  Fahr.  on  the  Centigrade  scale. 

7.  Express  38**  Fahr.  on  the  Centigrade  scale. 

8.  Express  23**  Fahr.  on  the  Centigrade  scale. 

9.  Express  14**  Fahr.  on  the  Centigrade  scale. 

10.  Express  —13**  Fahr.  on  the  Centigrade  scale. 

11.  Express  —40**  Fahr.  on  the  Centigrade  scale. 

12.  Express  —90**  Fahr.  on  the  Centigrade  scale. 
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262.    Uxample  1.     Express  48**  C.   on  the   Fahrenheit 
scale. 
Solution.     100^  C.  =  180^  Fahr. 
.-.  r  C.=f  Fahr. 
.-.  48°  C.=i^°  Fahr.  =  86f  Fahr. 

Hence,  the  result  is  86f°  Fahr.  above  freezing.     .*.  48°  C. 
=  (86f  -h  32°)  Fahr.=  118f°  Fahr. 

Example  2.    Express  —20°  C.  on  the  Fahrenheit  scale. 

Solution.     1°  C. = |°  Fahi-. 

.-.  20°  C.  =  X|il<'  Fahr.  =  86°  Fahr. 

Hence,  the  result  is  36°  Fahr.  below  freezing.     But  32° 
Fahr.  below  freezing  is  0°  Fahr. 

.-.  36°  Fahr.  below  freezing  is  -4°  Fahr. 

••.  -20°C.  =  -4°Fahr. 

EXERCISE  146  (Written) 

1.  Express  35°  C.  on  the  Fahrenheit  scale. 

2.  Express  55°  C.  on  the  Fahrenheit  scale. 

3.  Express  25°  C.  on  the  Fahrenheit  scale. 

4.  Express  20°  C.  on  the  Fahrenheit  scale. 

5.  Express  18°  C.  on  the  Fahrenheit  scale. 

6.  Express    8°  C.  on  the  Fahrenheit  scale. 

7.  Express  —  10°  G.  on  the  Fahrenheit  scale. 

8.  Express  —  20°  C.  on  the  Fahrenheit  scale. 

9.  Express  —  14°  C.  on  the  Fahrenheit  scale. 
10.  Express  — 18°  C.  on  the  Fahrenheit  scale. 
u.  Express  —  24°  C.  on  the  Fahrenheit  scale. 
12.  Express  —  273°  C.  on  the  Fahrenheit  scale. 
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Table  of  Melting  Points 

Mercury. -40°  C.    Lead     .     .326^0.     Gold 1035°  C. 

Sulphur.   113°  C.    Zinc     .    .  415°  C.    Cast  iron.    1100°  to  1200°  C. 

13.  Give  the  above  table  in  the  Fahrenheit  scale. 

14.  There  is  a  temperature  below  zero  that  is  indicated 
by  the  same  number  of  degrees  on  the  Centigrade  €md  the 
Fahrenheit  scale.     Find  it. 

15.  Water  attains  its  maximum  density  at  4°  C.  Ex- 
press this  temperature  on  Fahrenheit's  scale. 

REVIEW  QUESTIONS 

1.  Define  triangle,  quadrilateral,  parallelogram,  trape- 
zoid, parallel  lines. 

2.  How  do  you  find  the  area  of  a  parallelogram  ?  of  a 
trapezoid  ?  of  a  triangle  ? 

3.  What  is  a  board  foot  ? 

4.  How  is  the  number  of  board  feet  in  a  piece  of 
lumber  obtained  ? 

5.  What  is  a  perch  of  masonry  ? 

6.  What  is  the  monetary  unit  in  Great  Britain  ?     Give 
its  equivalent  in  United  States  money. 

7.  How  do  you  find   the  value  of   British  money  in 
United  States  currency  ? 

8.  What  is  specific  gravity  ? 

9.  What  is  the  standard  used  in  estimating  the  specific 
gravity  of  solids  and  liquids  ? 

10.    What  is  a  thermometer  ? 

U.    What  ar'e  the  two  thermometers  in  common  use  ? 

12.    How  do  they  differ  ? 
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13.  How  do  you   express   Fahrenheit  degrees  on  the 
Centigrade  scale  ? 

14.  How  do  you  express  Centigrade  degrees  on  the 
Fahrenheit  scale  ? 

15.  How  many  degrees  are  there  between  the  boiling 
and  freezing  points  on  the  Fahrenheit  scale? 

16.  Why  is  the  Centigrade  thermometer  so  called  ? 

17.  Why  is  the  Fahrenheit  thermometer  so  called  ? 

18.  Who  was  the  inventor  of  the  Centigrade  thermom- 
eter? 


CHAPTER  XV 

RATIO,  PROPORTIONAL   PARTS,  WORK,  MOTION,  ETC. 

Note.  We  shall  give  in  this  chapter  some  problems  which  have 
been  current  for  centuries.  We  shall,  so  far  as  we  go,  classify  these 
problems  and  show  how  to  solve  them.  We  shall  also  give  examples 
which  are  not  so  old.  The  difficult  examples  in  this  chapter  are  not 
intended  for  grammar  grade  pupils ;  they  are  placed  here  to  gratify 
the  desires  of  those  who  take  interest  in  problem  solving. 

263.  The  first  number  in  a  ratio  is  called  the  antecedent, 
and  the  second  number  is  called  the  consequent. 

Since  a  ratio  is  a  quotient,  we  may  multiply  antecedent 
and  consequent  by  the  same  number  without  affecting  the 
value  of  the  ratio.  It  follows  also  that  the  terms  of  a  ratio 
must  be  both  abstract,  or  both  concrete. 

264.  Two  numbers  vary  directly  if  an  increase  in  one  of 
them  produces  a  corresponding  increase  in  the  other. 
Thus,  the  distance  a  train  travels  in  any  given  time  varies 
directly  with  the  number  of  miles  it  goes  in  one  hour. 
An  increase  in  the  rate  increases  the  distance. 

The  price  of  any  number  of  bushels  of  corn  varies  di- 
rectly with  the  price  of  one  bushel  of  corn ;  the  greater 
the  price  of  one  bushel,  the  greater  the  price  of  a  number 
of  bushels! 

265.  Two  numbers  vary  inversely  if  an  increase  in  one 
produces  a  corresponding  decrease  in  the  other  number. 
Thus,  the  number  of  hours  a  train  takes  to  run  a  certain 
distance  varies  inversely  with  the  number  of  miles  it  runs 
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in  one   hour.     The  greater  the  number  of  hours,   the 
smaller  the  rate  of  running. 

Take  a  rectangle,  let  its  area  be  fixed ;  then  the  width 
of  the  rectangle  varies  inversely  as  its  length ;  the  greater 
the  length,  the  smaller  is  the  width. 

266.   Example  l.   Divide  343  in  the  ratio  4:3. 
Solution.     The  first  part  =  f  of  the  second  part  =  IJ 
times  second  part. 

.'.  First  part  -h  second  part  =  2J  times  second  part. 
.'.  2J  times  second  part       =  343. 
.-.  Second  part  =  343  -^  2J  =  147. 
.-.  First  part  =  147  x  |  =  196. 
Another  Solution.     The  first  part  contains  4  as  many 
times  as  the  second  part  contains  3.     Hence,  out  of  every 
7  in  343,  first  part  contains  4  and  second  part  3. 
.-.  First  part     =  ^  of  343. 
.•.  Second  part  =  f  of  343. 
Example  2.   Divide  186  into  parts  proportional  to  2,  8, 4. 
Solution.  2  -h  3  -h  4  =  9. 

.-.  First  part     =  |  of  136. 

.'.  Second  part  =  f  of  136. 

.-.  Third  part    =  f  of  136. 

Example  3.   A  rows  downstream  at  the  rate  of  8|  miles 

per  hour,  and  back  at  the  rate  of  Z\  miles  per  hour.    How 

far  may  he  row  so  as  to  be  gone  8 J  hours  in  all  ? 

Solution.  We  shall  first  determine  the  time  of  rowing 
down,  and  the  time  of  rowing  back. 

The  time  of  rowing  1  mi.  down  =  (1  -j-  8|)  hr.  =  -^  hr. 
The  time  of  rowing  1  mi.  back  =  (1  -^  3J)  hr.  =  ^  hr. 
But,  time  down  and  time  up  vary  directly  with  the  time 
of  going  1  mi. 


---  We  diTi.is*  S  J  ia  tbe  imtio  :^ :  3*  or  ^mxtluplvirt^  tbe 
texafis  oc  izit  ntziio  hj  4£>.  vie  diTide  >^  in  tiie  nitio  5:1±. 
.--  Tims*  down       =  ^  of  S|  Iir>  =  2|  hr. 
.-.  T^e  hack         =  44  of  S J  hr.  =  ^  hr. 
---  Dis^juce  down  =  ii  x  S|  mi.  =  :il  mi* 

EXERCISE  147  .>Mtritttii 

1.  Divide  ^lo*)  between  two  pei^^ns  in  the  mtio  S:5k 

2.  Dirilef&So  in  the  ratio  o:i* 
SL   Divide  #3240  in  the  ntio  4:5. 

4.  Divide  #  712S  proportional  to  1«  2»  3. 

5.  Divide  #  7225  proportional  to  4,  6L  7. 
C  Divide  2916  proportional  to  7,  9, 11, 
7.  Divide  4745  proportional  to  i  6*  7,  8, 

a   Divide  6728  proportional  to  IS.  14,  Id.  16. 

9.   Divide  5«M0  proportional  to  21,  22,  23,  24, 

la   Divide  2592  proportional  to  15, 17, 19,  21, 

11.  Divide  95  in  the  ratio  J:  J. 

12.  Divide  1736  in  the  ratio  ^:  J. 

13.  Divide  365  in  the  ratio  2J:3f. 

14.  Divide  1521  in  the  ratio  7J:4^. 

15.  Divide  4225  proportional  to  1  J,  IJ,  2-J. 

16.  Divide  2189  proportional  to  1|,  2J,  3^. 

17.  A,  B,  and  C  enter  into  partnership,  A  contribntingr 
9  2450,  B,  $  3500,  and  C, »  4000-  They  gain  « 1990.  Find 
each  person's  share  of  the  profits,  supposing  each  person's 
gain  is  proportional  to  his  investment. 

la  Divide  §  2700  among  A,  B,  and  C,  so  that  A  shall 
receive  i|4  as  often  as  B  receives  $5  and  C  receives  t6. 
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19.  The  silver  coins  of  Great  Britain  are  coined  out  of 
standard  silver  which  contains  37  parts  of  pure  silver  to 
3  parts  of  copper.  If  a  Troy  pound  of  standard  silver 
makes  66  shillings,  find  the  number  of  grains  of  pure 
silver  in  a  crown.     (1  crown  =  58.) 

20.  Divide  $1620  among  A,  B,  and  C,  so  that  A  shall 
receive  as  much  as  B  and  C  together,  and  B  shall  receive 
^  of  the  shares  of  A  and  C  together. 

21.  A  father  bequeathes  his  property,  valued  at  $  13,000, 
to  his  two  sons  and  three  daughters,  so  that  each  daughter 
shall  receive  an  equal  portion,  and  each  son  two-thirds 
as  much  as  a  daughter.     Find  the  share  of  each  daughter. 

22.  A,  B,  and  C  purchase  a  farm.  A  pays  ^  of  the 
total  cost,  B,  J  of  the  total  cost,  and  C,  the  reipainder, 
amounting  to  $  4000.     Find  the  cost  of  the  farm. 

23.  A  and  B  own  an  oil  well  valued  at  130,000.  A's 
interest  is  f  and  B's,  f .  They  agree  to  take  C  as  a  part- 
ner, on  the  condition  that  each  shall,  in  future,  own  ^  of 
the  well.  If  C  pays  them  $10,000,  how  shall  they  divide 
the  money  ? 

24.  Two  men,  A  and  B,  rent  a  tract  of  land  for  graz- 
ing purposes,  paying  therefor  $  750.  A  puts  in  200  head 
of  cattle  and  B,  400  sheep.  How  much  rent  should  each 
pay,  if  2  head  of  cattle  are  counted  as  an  equivalent  of  11 
sheep  ? 

25.  Common  salt  is  composed  of  71  parts  of  chlorine  to 
46  parts  of  sodium.  Find  the  weight  of  each  element  in 
686  lb.  of  common  salt. 

26.  If  3  men  can  earn  as  much  as  5  boys,  and  7  men 
and  10  boys  working  together  earn  $520,  find  the  share 
of  a  man  and  of  a  boy. 
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27.  Six  tnrkeys  and  11  ducks  cost  f  16.  Find  the  cost 
of  a  turkey  and  of  a  duck,  if  2  turkeys  cost  as  much  as  7 
ducks. 

28.  How  far  may  a  person  ride  in  a  carriage  at  the  rate 
of  9  mi.  an  hour  so  that  he  may  return  in  4J  hr.,  travel- 
ing back  at  the  rate  of  4  J  mi.  an  hour  ? 

29.  A  man  rows  down  a  stream  at  the  rate  of  8  mi. 
an  hour,  and  up  the  stream  at  the  rate  of  3  mi.  an  hour. 
How  far  may  he  row  so  as  to  return  to  the  starting  point 
in  11  hr.  ? 

267.  Example  1.  How  many  men  are  required  to  mow 
IGO  A.  in  16  da.,  if  27  men  mow  90  A.  in  7  da.  ? 

Solution.     27  men  mow  90  A.  in  7  da. 

.•.  27  men  mow  — -— ^  in  1  da. 

7 

1  90  A.      .      10  A.  .    1  , 

.'.  1  man  mows -— i    %>e.  —— —  m  1  da. 

7  X  27  21 

.'.  1  man  mows  x  16  in  16  da. 

^  160  A.  .    1^  J 

.•.  1  man  mows  — — —  in  16  da. 
21 

.•.  number  of  men  required  to  mow  160  A.  in  16  da.  = 

160  ^  ^  =  21.     Arts.  21  men. 
21 

Example  2.  If  28  horses  can  plow  87  A.  in  11  da.,  how 
much  can  21  horses  plow  in  6 J  da.  ? 

Analytical  Solution.     28  horses  plow  87  A.  in  11  da. 
.-.  28  horses  plow  ^^-^  in  1  da. 

.•.  1  horse  plows  zrz ^  in  1  da. 

11  X  28 
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.-.  21  horses  plow  ^l^'  ^J^  in  1  da. 
^  11  X  28 

oi  ,  1       87  A.  X  21      11  .     r^   . 

.•.  21  horses  plow  — ^^j — —  x  —  in  5 J  da. 

11  X  ^o  ^ 

4 
EXERCISE  148  (Written) 
Solve  analytically : 

1.  If  19  bu.  of  wheat  cost  114.25,  find  the  price  of 
11  bu.  of  wheat. 

2.  Seven  men  can  dig  a  trench  in  16  da.  How  long 
will  it  take  10  men  to  do  the  same  work  ? 

3.  If  11  sheep  cost  $71.50,  find  the  cost  of  17  sheep  at 
the  same  rate. 

4.  If  14  men  can  do  a  piece  of  work  in  11  da.,  how 
long  will  it  take  21  men  to  do  the  same  work  ? 

5.  A  garrison  of  2500  men  has  provisions  for  6  wk. 
How  long  will  the  provisions  last  if  the  garrison  is  reen- 
f orced  by  500  men  ? 

6.  If  24  men  do  a  piece  of  work  in  16  da.,  how  long 
will  it  take  36  men  to  do  twice  as  much  work  ? 

7.  A  contractor  finds  that  it  will  take  20  masons  18 
da.  to  build  a  wall.  How  many  additional  men  must  he 
employ  in  order  to  complete  the  wall  in  15  da.  ? 

8.  If  6  men  or  8  boys  do  a  piece  of  work  in  14  da., 
how  long  will  it  take  4  boys  and  4  men  working  together 
to  do  the  same  work  ? 

9.  If  5  cows  cost  as  much  as  2  horses,  and  5  horses 
cost  $875,  find  the  cost  of  7  cows. 
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10.  Sixteen  men  can  do  a  piece  of  work  in  9  da. ; 
15  men  and  15  boys  can  do  the  same  work  in  6  da. 
How  long  will  it  take  80  boys  to  do  the  work? 

u.  If  24  men  can  build  f  of  a  wall  in  15  da.^  how  many 
men  can  build  ^  of  the  remaining  portion  in  15  da.  ? 

12.  If  ^  cwt.  cost  11.92,  find  the  cost  of  ^  T.  of  the 
same  commodity. 

13.  If  2  cwt.  75  lb.  of  sugar  cost  #13.75,  how  much 
sugar  could  be  bought  for  $23.85? 

14.  If  42  lb.  of  wheat  cost  56{f!,  find  the  cost  of  19 
cwt.  74  lb. 

15.  The  hotel  bill,  for  board  and  rooms,  of  4  men  for 
9  da.  is  $108 ;  at  this  rate,  find  the  bill  for  7  men  for  7  da. 

16.  If  5  T.  of  rock  are  carried  120  mi.  for  $4.50,  find 
the  cost  of  carrying  110  T.  of  rock  180  mi. 

17.  If  5  men  in  8  da.  earn  $60,  at  the  same  rate  how 
much  will  9  men  earn  in  6  da.  ? 

18.  Twelve  men  build  a  wall  in  10  da.  How  many 
men  can  build  twice  as  large  a  wall  in  ^  of  the  time  ? 

19.  If  6  men  in  4  da.  of  8  hr.  each,  earn  $76.80,  at  this 
I'ate  how  much  will  11  men  earn  in  5  da.  of  9  hr.  each  ? 

20.  Five  men  can  pave  a  street  30  ft.  long  and  24  ft. 
wide  in  2  da.  How  many  men  will  it  take  to  pave  a 
street  200  ft.  long  36  ft.  wide,  in  12J  da.  ? 

21.  If  the  freight  on  5  T.  18  cwt.  for  84  mi.  is  $28,  find 
how  far  1  T.  2  cwt.  may  be  carried  for  $11. 

22.  If  1  T.  5  cwt.  is  carried  147  mi.  for  $49,  how  far 
should  10  T.  be  carried  for  i 


23.   If  85  bu.  of  oats  last  120  horses  17  da.,  how  long 
would  75  bu.  last  90  horses  ? 
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MIXTURES 

268.  Example  1.  A  grocer  mixes  5  lb.  of  tea  worth 
60^  per  pound,  4  lb.  of  tea  worth  72^  per  pound,  and  3  lb. 
of  tea  worth  80^  per  pound.  Find  the  value  of  1  lb.  of 
the  mixture. 

Solution.     5  lb.  @  60^  is  worth  f  3.00. 

4  lb.  @  72^  is  worth  *2.88. 

3  lb.  @  80^  is  worth  $2.40. 
.-,  12  lb.  of  the  mixture  is  worth  $8.28. 
.'.     1  lb.  of  the  mixture  is  worth  $.69. 

Example  2.  In  what  ratio  must  tea  worth  60^  be 
mixed  with  tea  worth  80^,  that  the  mixture  may  be 
worth  74^  per  pound? 

Solution.  By  selling  tea  worth  60^  per  pound  at  74^ 
per  pound,  there  is  a  gain  of  14^  per  pound. 

By  selling  tea  worth  80^  per  pound  at  74^  per  pound, 
there  is  a  loss  of  6^  per  pound. 

The  loss  and  the  gain  must  balance  each  other. 

By  taking  6  lb.  of  the  tea  worth  60^,  the  gain  would 
be  84^. 

By  taking  14  lb.  of  the  tea  worth  80^,  the  loss  would 
be  84^. 

.•.  the  required  ratio  is  6  :  14  or  3  :  7. 

Example  3.  In  what  proportion  must  sugar  worth  4J^^, 
5^^,  and  6^  per  pound,  respectively,  be  mixed  that  the 
mixture  may  be  worth  5^  per  pound? 

Solution.  By  selling  sugar  worth  4J^  per  pound  at 
5^  per  pound,  there  is  a  gain  of  ^^  per  pound. 

By  selling  sugar  worth  5^^  per  pound  at  6^  per  pound, 
there  is  a  loss  of  J^  per  pound. 


^^11%.  lie  xi^  on.  nbit  first  fcfrnt  of  scgti^r  5$  tir^te  ^te- 
loflfr  :iL  ^ns-  xe!QML*i  kfnd  of  sii^ar. 

---  If  we  rskki:  1  3^  of  tbit  irst  kind  of  sc^jur  aisd  2  lb. 
of  ztit  xeGud.  kfnd  of  sugar,  thie  loe^  and  ^be  gtikia  dur^ 

Ad^tBL.  Bt  aeHiiig  sugar  worti  •?*  jvr  poand  at 
of  pjr  pi-cEui.  t^iiait  k  a  loss  of  If  per  poofid*  \W 
can  boLuLce  tLo^  Ioi»  by  taking  mox«  su^ar  at  4^^  (vr 

Tht  gam  oa  1  IK  at  4| ^  per  piMind  is  J^  per  pottiivL 

The  kflff  €>a  1  lb.  at  6f  per  pouiid  is  If  per  pound. 

Heifece;.  if  we  take  2  lb-  of  the  sugar  wv>rth  4|*  jvr 
p:>imd  and  1  lb.  of  tbe  sogar  worth  6#  per  pounds  the  Uxs:$ 
and  the  gain  balance  each  other. 

We  haTCv  therefore, 

1  lb.  (§11^  to  balance  2  lb.  @  5^^. 

2  lb.  (^  4^#  to  balance  1  IK  (a  i><^. 

Hence^  31b.@4^#,  2  Ib.^  5^<  and  1  lb.  (%  6<^  will 
make  the  required  mixture. 

.*.  The  propoTtion  is  3  lb.,  2  Ib.«  1  lb. 

We  can  add  any  number  of  pounds  at  4|  ^«  providetl 
we  add  the  corresponding  number  of  pounds  at  6^<^.  By 
doing  so  we  get  an  entirely  different  proportion.  Thus* 
if  we  take  41b.@4|/  and  81b.@5|^.  and  add  to  the 
mixture  we  have  already  obtained,  we  haTC  7  lb.,  10  lb.* 
1  lb.  Similarly,  we  can  take  any  number  of  jxnmds  at 
4^^  and  the  corresponding  number  of  pounds  i^t  i>^ 
per  pound  and  get  another  entirely  different  proiH>r- 
tion.  Thus,  if  we  take  10  lb.  @  4J#  and  5  lb.  ^.  6^,  and 
add  to  the  last  mixture  obtained,  we  have  17  lb.,  10  lb., 
61b. 

We  see,  therefore,  that  problems  of  this  character  have 
any  number  of  solutions. 
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EXERCISE  149  (Written) 

1.  A  grocer  mixes  27  lb.  of  tea  @72f  with  9  lb.  of 
tea  @  84/^.     At  what  price  should  he  sell  the  mixture  ? 

2.  A  dealer  mixes  30  lb.  of  sugar  at  4|^^  per  pound 
with  120  lb.  of  sugar  at  5|^  per  pound.  At  what  price 
should  he  sell  the  mixture  so  as  to  make  a  profit  of  J  ^  per 
pound  ? 

3.  If  3  gal.  of  spirits  at  $3.40  per  gallon  are  mixed 
with  4 J  gal.  at  $3.90  per  gallon,  at  what  price  per  gallon 
should  the  mixture  be  sold  so  as  to  make  a  profit  of  ^ 
of  cost  ? 

4.  A  dealer  mixes,  in  the  ratio  of  5:8,  two  kinds  of 
feed,  which  cost  respectively  42^  and  65^  per  bushel.  At 
what  price  per  bushel  should  he  sell  tlie  mixture  so  as  to 
make  a  profit  of  \  of  his  outlay  ? 

5.  In  what  ratio  must  tea  woi-th  44^  per  pound  be 
mixed  with  tea  worth  60^  per  pound  that  the  mixture 
may  be  worth  66^  per  pound?  How  many  pounds  of 
each  kind  are  in  288  lb.  of  the  mixture? 

6.  What  quantity  of  tea  at  54^  per  pound  must  be 
mixed  with  128  lb.  of  tea  at  72^  per  pound  so  that  the 
mixture  may  be  worth  66/  per  pound  ? 

7.  A  dealer  mixes  tea  which  cost  him  60/  per  pound 
with  120  lb.  of  tea  which  cost  him  80/  per  pound,  and 
sells  the  mixture  at  80/  per  pound,  thereby  gaining  ^  of 
his  outlay.  How  many  pounds  of  tea  at  60/  per  pound 
did  he  put  in  the  mixture  ? 

8.  By  mixing  30  lb.  of  coffee  with  40  lb.  of  coffee  at 
40/  per  pound,  and  selling  the  mixture  for  $27,  a  grocer 
makes  a  profit  of  $2.30.  f*ind  the  cost  per  pound  of  the 
first  kind  of  coffee. 
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9.  By  mixing  12  gal.  of  wine  at  $3.70  per  gallon 
with  8  gal.  of  wine  of  an  inferior  quality,  and  selling 
the  mixture  at  $4.24  per  gallon,  a  profit  of  ^  of  the  cost 
is  realized.     Find  the  price  per  gallon  of  the  inferior  wine. 

10.  In  a  cask  there  are  12  gal.  of  wine  and  18  gal. 
of  water ;  in  a  second  cask  there  are  9  gal.  of  wine  and 
3  gal.  of  water.  How  many  gallons  must  be  drawn  from 
each  cask  to  produce  a  mixture  half  wine  and  half  water? 

Hint.  Twelve-thirtieths  of  first  cask  is  wine,  ^  of  second  cask  is 
wine,  required  mixture  is  i  wine. 

WORK  AND  TIME 

269.  Uxample  l.  A  can  do  a  piece  of  work  in  6  da., 
and  B  can  do  the  same  piece  of  work  in  8  da.  In  what 
time  can  A  and  B  do  the  work  together  ? 

Analytical  Solution.     A  does  ^  of  the  work  in  1  da. 
B  does  J  of  the  work  in  1  da. 

A  and  B  together  do  Q  +  ^)  of  the  work  in  1  da. 

A  and  B  do  ^  of  the  work  in  1  da. 

A  and  B  do  ^  of  the  work  in  ^  of  1  da. 

A  and  B  do  fj  of  the  work  in  ^  of  1  da. 

A  and  B  do  the  work  in  3|^  da. 

Example  2.  A  cistern  has  three  pipes.  The  first  pipe 
fills  the  cistern  in  12  hr.,  the  second,  in  15  hr.,  and  the 
third  empties  it  in  10  hr.  In  what  time  will  the  cistern 
be  filled,  if  all  three  pipes  run  together,  and  the  cistern  is 
empty  when  the  pipes  start  running  ? 

Analytical  Solution.  The  first  pipe  fills  ^  of  the 
cistern  in  1  hr. 

The  second  pipe  fills  -^  of  the  cistern  in  1  hr. 
The  third  pipe  empties  ^  of  the  cistern  in  1  hr. 
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Ihr. 


The  three  pipes  fill  (^  +  ye  ""  tV)  ^^  *^®  cistern  in 

The  three  pipes  fill  ^  of  the  cistern  in  1  hr. 
The  three  pipes  fill  J^  of  the  cistern  in  20  hr. 
The  cistern  is  filled  in  20  hr. 


le  3.  A  and  B  do  a  piece  of  work  in  8^^  hr.; 
A  alone,  in  7  hr.     In  what  time  does  B  do  the  work  ? 

Solution.     A  and  B  together  do  — -  of  the  work  in 

1  hr. ;  i.e.  A  and  B  together  do  ^  of  the  work  in  1  hr. 
But  A  alone  does  |  of  the  work  in  1  hr. 
.-.  B  alone  does  (^  —  |)  of  the  work  in  1  hr. 
.-.  B  alone  does  J  of  the  work  in  1  hr. 
.*.  B  does  the  work  in  8  hr. 

Example  4.  A  and  B  can  mow  a  field  in  21  hr.  A 
can  do  |  as  much  work  as  B.  Find  the  time  in  which 
each  does  the  work. 

Solution.  Represent  B's  work 
by  the  rectangle  must. 

Represent  A's  work  by  the  rect- 
angle pqxy. 

A  will  do  in  J  hr.  the  work  A 
and  B  do  together  in  1  hr. 

.".  A  will  do  in  J  hr.  x  21  the 
work  A  and  B  do  together  in 
21  hr. 

.-.  A  will  do  in  49  hr.  the  work  A  and  B  do  together  in 
21  hr. 

B  will  do  in  \  hr.  the  work  A  and  B  do  together  in 
Ihr. 

.-.  B  will  do  in  \  hr.  x  21  the  work  A  and  B  do  together 
in  21  hr. 
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.-.  B  will  do  in  36|  hr.  the  work  A  and  B  do  together 
in  21  hr. 

A's  time,  49  hr. ;  B's  time,  36f  hr. 

EXERCISE  150  (Written) 

1.  If  a  person  can  do  a  piece  of  work  in  7  da.,  what 
is  his  day's  work?  If  he  can  do  the  work  in  4 J  da., 
what  is  his  day's  work  ? 

2.  If  B  can  copy  a  manuscript  in  6|  hr.,  how  much 
can  he  copy  in  1  hr.? 

3.  John  travels  -f^  of  th6  distance  between  two  cities 
in  1  hr.  How  many  hours  will  it  take  him  to  travel  the 
remainder  of  the  distance  ? 

4.  A  can  do  a  piece  of  work  in  3  hr.,  B  in  4  hr.,  and 
C  in  5  hr.  How  long  will  it  take  the  three  working 
together  to  do  the  work  ? 

5.  A  can  do  a  piece  of  work  in  4  hr.,  B  in  5  hr.,  and 
A,  B,  and  C  together  in  IJ  hr.  How  long  would  it  take 
C  alone  to  do  the  work  ? 

6.  A,  B,  and  C  can  do  a  piece  of  work  in  6,  8,  and  10 
da.  respectively.  If  they  begin  the  work  together,  what 
part  of  the  work  remains  to  be  done  at  the  end  of  the 
second  day? 

7.  A,  B,  and  C  can  build  a  fence  in  10,  15,  and  20  hr. 
respectively.  They  work  together  for  4  hr.,  when  B 
quits.     In  what  time  can  A  and  C  finish  the  work  ? 

8.  A  cistern  has  two  pipes.  One  can  fill  it  in  20  min., 
and  the  other  can  empty  it  in  30  min.  If  the  cistern  is 
empty,  in  what  time  can  it  be  filled,  if  both  pipes  begin  to 
flow  at  the  same  instant  ? 
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9.  A  cistern  has  three  pipes,  two  inflowing  and  one 
for  discharge.  The  inflowing  pipes  would  fill  it  in  3  hr. 
and  4  hr.  respectively,  while  the  discharge  pipe  would 
empty  it  in  IJ  hr.  After  the  first  two  pipes  have  been 
running  for  IJ  hr.  the  discharge  pipe  is  opened.  How 
soon  will  the  cistern  be  emptied  ? 

10.  A  man  working  alone  plants  f  of  a  number  of  trees 
in  10  da.,  and  with  the  aid  of  his  son  plants  the  remainder 
of  the  trees  in  12  da.  more.  In  how  many  days  can  the 
son,  working  alone,  plant  the  trees  ?  In  how  many  days 
can  both  together  plant  the  trees  ? 

11.  A  can  do  a  piece  of  work  in  3  hr.,  and  B  can  do  it 
in  4  hr.  B  works  unaided  for  1  hr.  and  40  min.,  when 
A  comes  to  help  him.  In  what  time  can  both  finish  the 
work  ? 

12.  A  and  B  can  do  a  piece  of  work  in  8  da.,  A  and 
C  in  10  da.,  and  B  and  C  in  12  da.  How  long  will  it 
take  all  three  together  to  do  the  work  ?  How  long  will 
it  take  each  alone  to  do  the  work  ? 

13.  A  and  B  reap  a  field  in  15  hr.  B  does  J  as  much 
work  as  A.  Find  the  time  in  which  each  can  do  the 
work. 

14.  A  and  B  working  together  can  copy  a  book  in  18 
da.  Find  the  time  in  which  each  can  copy  the  book, 
supposing  A*s  work  is  to  B's  work  in  the  ratio  3  :  6. 

MOTION  IN  THE  SAME  DIRECTION,  OR  IN  OPPOSITE 
DIRECTIONS 

270.  Example  l.  A  starts  to  overtake  B,  who  is  100 
yd.  ahead  of  him.  A  travels  11  yd.  to  B's  9  yd.  How 
far  must  A  travel  in  order  to  overtake  B  ? 
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Solution.  A  gains  on  B  2  yd.  in  every  11  yd.  he 
goes. 

.•.  A  gains  on  B  1  yd.  in  every  5^  yd.  he  goes. 
••.  A  gains  on  B  100  yd.  in  every  650  yd.  he  goes. 

Arts.  550  yd. 

Example  2.  A  freight  train  moving  at  the  rate  of  18 
mi.  an  hour  is  78  mi.  ahead  of  a  passenger  train  mov- 
ing in  the  same  direction  at  the  rate  of  30  mi.  an  hour. 
Find  the  distance  the  passenger  train  must  run  to  over- 
take the  freight  train. 

Solution.  In  1  hr.  the  passenger  train  gains  on  the 
freight  (30  -  18)  mi.,  i.e.  12  mi. 

.'.  In  (78  -s- 12)  hr.  the  passenger  train  will  overtake  the 
freight  train. 

.'.  The  passenger  train  will  overtake  the  freight  train 
in  6J  hr. 

In  6J  hr.  the  passenger  train  goes  30  mi.  x  6 J  =  195  mi. 

Example  3.  A  hare  is  50  leaps  ahead  of  a  greyhound, 
and  takes  4  leaps  to  the  greyhound's  3;  but  2  of  the 
greyhound's  leaps  equal  3  of  the  hare's.  How  many 
leaps  must  the  greyhound  take  to  catch  the  hare  ? 

Note.  This  hare  and  greyhound  have  been  running  for  several 
generations,  and  still  attract  attention,  doubtless,  by  the  leaps  they 


Solution: 

Step  1.  In  this  problem,  as  in  others  involving  motion, 
find  first  the  relation  between  the  rates  of  motion  of  the 
objects  moving. 

'     The  hare  makes  IJ  leaps  to  the  greyhound's  1  leap. 
But  1  leap  of  the  greyhound  =  1 J  leaps  of  the  hare. 

.•.  While  the  hare  makes  IJ  of  her  leaps,  the  greyhound 
goes  a  distance  =  1^  of  the  hare's  leaps. 
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.-.  The  ratio  of  their  rates  of  motion  is  IJ  :  IJ,  or  (mul- 
tiplying by  6)  8  :  9. 

Hence,  in  9  yd.,  the  greyhound  gains  on  the  hare  1  yd» 

Hence,  in  9  rd.,  the  greyhound  gains  on  the  hare  1  rd. 

Hence,  in  a  distance  measured  by  9  leaps  of  the  hare, 
the  greyhound  gains  on  the  hare  1  leap  of  the  hare. 

.'.  The  distance  the  greyhound  runs  to  overtake  the 
hare  is  50  leaps  of  the  hare  x  9  =  450  leaps  of  the  hare. 

But  3  of  these  leaps  =  2  of  the  greyhound's. 

.*.  The  greyhound  takes  (450  x  f  )leaps  =  300  leaps. 

EXERCISE  151  (Written) 

1.  Two  ships  leave  New  York  for  Glasgow,  one  on 
Monday  morning  at  9  o'clock,  and  the  other  on  the  fol- 
lowing morning  at  9  o'clock.  The  rate  of  the  first  ship 
is  15  mi.  an  hour,  and  the  rate  of  the  second  is  21  mi. 
an  hour.  How  far  will  the  ships  be  from  New  York  City 
when  the  second  ship  overtakes  the  first  ? 

2.  Dallas  and  Galveston  are  315  mi.  apart.  A  train 
leaves  Dallais  for  Galveston  at  8  o'clock  a.m.  at  the  rate 
of  30  mi.  an  hour.  At  the  same  time,  a  train  leaves  Gal- 
veston for  Dallas  at  the  rate  of  33  miles  an  hour.  When 
will  the  trains  meet?  How  far  will  the  trains  be  from 
Dallas  when  they  meet  ? 

3.  Paris,  Texas,  is  584  mi.  from  St.  Louis.  A  pas- 
senger train  leaves  Paris  for  St.  Louis  at  6.50  p.m.  Three 
hours  later  a  freight  train  leaves  St.  Louis  for  Paris. 
When  and  where  will  they  meet,  the  rates  being  respec- 
tively 24  mi.  and  16  mi.  per  hour? 

4.  A  man  walking  at  the  rate  of  4  mi.  an  hour  is 
overtaken  by  a  train  88  yd.  long,  and  is  passed  in  10 
sec.     Find  the  rate  of  the  train. 
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5.  A  train  going  at  the  rate  of  40  mi.  an  hour  passes 
a  man  walking  in  the  same  direction  at  the  rate  of  4  mi. 
an  hour,  in  6  sec.     What  is  the  length  of  the  train  ? 

6.  Two  trains  start  from  the  same  station  and  travel 
in  the  same  direction.  The  first  train  leaves  at  7  a.m., 
and  the  second  train  at  9  A.M.  How  many  miles  from 
the  station  will  they  be  together,  if  the  rate  of  the  first 
train  is  30  mi.  per  hour  and  the  rate  of  the  second 
train  is  45  mi.  per  hour? 

7.  A  train  132  yd.  long,  and  moving  at  a  uniform 
speed,  overtakes  a  man  walking  on  the  railway  at  4  mi. 
per  hour,  and  passes  him  in  7J  sec.  Two  minutes  later 
the  train  overtakes  a  second  man,  and  passes  him  in  7.2 
sec.  When  one  man  overtakes  the  other  man,  how  many 
miles  ahead  of  the  men  will  the  train  be  ? 

8.  A  hare  is  84  of  her  own  leaps  ahead  of  a  grey- 
hound, and  makes  7  leaps  to  the  greyhound's  6 ;  but  5  of 
the  greyhound's  leaps  are  equivalent  to  7  of  the  hare's. 
How  many  leaps  must  the  hound  make  to  catch  the  hare  ? 

CIRCULAR  MOTION:    CLOCKS 

271.  Example  i.  At  what  time  between  4  and  5  o'clock 
are  the  hands  of  a  clock  together  ? 

Solution.  At  4  o'clock  the  hour 
hand  is  20  minute  spaces  ahead  of 
the  minute  hand. 

In  1  hr.  the  minute  hand  goes 
60  minute  spaces. 

In  1  hr.  the  hour  hand  goes  5 
minute  spaces. 

.•.  Ratio  of  rates  of  motion  of 
minute  hand  and  of  hour  hand  is  60  :  5,  or  12  :  1. 
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.-.  In  12  min.  the  minute  hand  gains  on  the  hour  hand 
11  minute  spaces. 

.*.  In  1^^  min.  the  minute  hand  gains  on  the  hour 
hand  1  minute  space. 

.'.  In  1^  min.  x  20  the  minute  hand  gains  on  the 
hour  hand  20  minute  spaces. 

But  1^  min.  x  20  =  21^  min. 

.*.  The  hands  are  together  21-^  min.  after  4  o'clock. 

Example  2.   At  what  time  after  7  o'clock  do  the  hour 
and  minute    hands  first    point   in 
opposite  directions? 

SoLUTiOK.  They  will  point  in 
opposite  directions  whenever  they 
are  30  minute  spaces  apart. 

At  7  o'clock  the  hour  hand  is 
35  minute  spaces  ahead  of  the  min- 
ute hand. 

.'.  As  soon  as  the  minute  hand 
gains  on  the  hour  hand  6  minute 
spaces,  they  will  point  in  opposite  directions. 

But  the  minute  hand  gains  on  the  hour  hand  5  minute 
spaces    in    l.^^   min.  x  6,  i.e.   in 
5^  min.     (See  Example  1.)    Ans. 
5^  min.  past  7  o'clock. 

Example  3.  When,  between  6 
and  6  o'clock,  will  the  hour  and 
minute  hands  be  at  right  angles  ? 

Solution.  The  hour  and  min- 
ute hands  will  be  at  right  angles 
when  they  are  16  minute  spaces 
apart. 

.*.  They  will  be  at  right  angles  between  5  and  6  o'clock 
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when  the  minute  hand  gains  on  the  hour  hand  (26  — 15) 
minute  spaces,  i.e.  10  minute  spaces. 

Ijij  min.  X  10=  10^^  min.  Ans. 
lOi^  minutes  past  5  o'clock. 

They  will  also  be  at  right  angles 
when  the  minute  hand  gains  on  the 
hour  hand  (26  +  16)  minute  spaces, 
i.e.  40  minute  spaces.  (See  Fig.  2.) 
1^  min.  X  40  =  43^  min. 

.*.  The  hands  will  be  at  right 
angles  to  each  other  at  10^  min. 
past  6  o'clock  and  at  43-3^  min.  past 
6  o'clock. 

To  the  young  learner  the  following  suggestions  may  be 
of  use: 

To  aolve  a  queatioii  in  circular  motion:  first,  draw  a  dia- 
gram showing  the  things  that  move;  second,  find  the 
ratios  of  the  rates  of  motion  of  the  things  moving;  third, 
having  found  the  relative  rates  of  motion  of  the  objects, 
proceed  as  in  a  simple  exercise  involving  motion  in  a 
straight  line. 


Fia.  2. 


EXERCISE  152  (Written) 


1.  What  angle  do  the  hour  and  minute  hands  of  a  clock 
make  with  each  other  at  1  o'clock?  at  2  o'clock  ?  at  3 
o'clock?  at  4  o'clock?  at  6  o'clock?  at  6  o'clock?  at  12 
o'clock  ? 

2.  What  angle  do  the  hour  and  minute  hands  of  a  clock 
make  when  they  point  to  positions  8  minute  spaces  apart  ? 
12  minute  spaces  apart?  19  minute  spaces  apart?  23 
minute  spaces  apart  ?  27  minute  spaces  apart  ?  60  minute 
spaces  apart  ? 
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3.  How  many  minute  spaces  apart  do  the  hands  of  a 
watch  indicate  when  they  make  an  angle  of  36°?  66°? 
84°?  114°?  126°?  144°?  162°?  174°? 

4.  Find  at  what  time  between  the  hours  of  2  and  3 
o'clock  the  hands  of  a  clock  are  together  ;  between  3  and 
4  o'clock  ;  between  5  and  6  o'clock  ;  between  7  and  8 
o'clock ;  9  and  10  o'clock ;  10  and  11  o'clock ;  11  and  12 
o'clock. 

5.  At  what  time  do  the  hands  of  a  watch  point  in 
opposite  directions  between 

(a)  1  and  2  o'clock?  (rf)  9  and  10  o'clock? 

(6)  3  and  4  o'clock?  (e)  11  and  12  oclock? 

(c)  8  and  9  o'clock  ?  (/)  12  and  1  o'clock  ? 

6.  At  what  time  after  3  o'clock  do  the  hands  of  a  watch 
first  point  in  opposite  directions  ?  When  after  6  o'clock 
do  they  first  point  in  opposite  directions?  When  after 
10  o'clock  ? 

7.  At  what  time  or  times  are  the  hands  of  a  watch  at 
right  angles  between  (a)  2  and  3  o'clock?  (6)  3  and  4 
o'clock?  (0  4  and  6  o'clock?  Qd)  6  and  7  o'clock?  (c)  8 
and  9  o'clock?  (/)  9  and  10  o'clock ?  (^)  11  and  12 o'clock ? 
(A)  12  and  1  o'clock  ? 

8.  At  what  time  after  4  o'clock  do  the  hands  of  a  watch 
first  point  to  positions  8  minute  spaces  apart  ?  35  minute 
spaces  apart  ?  24  miniite  spaces  apart  ?  50  minute  spaces 
apart  ? 

9.  Find  the  time,  between  5  and  6  o'clock,  when  the 
minute  hand  is  J  of  the  circumference  of  the  dial  in 
advance  qf  the  hour  hand.  The  time  between  9  and  10 
o'clock  when  the  minute  hand  is  \  of  the  circumference  in 
advance  of  the  hour  hand. 
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PLANETARY   MOTION 

272.   The  planets  revolve  around  the  sun  as  the  center, 
in  orbits  nearly  circular,  whose  planes  almost  coincide. 
Example.     The    earth    revolves 

around  the  sun  in  366  da.,  nearly.         jt      X^Mars 

Mars  revolves  around  the  sun  in 
687  da.,  nearly.     Suppose  they  are  ^    ^  ^n^\ 

in  a  straight  line  on  the  same  side  |     |  #Sun 

of  the  sun,  in  how  many  days  will 
they  be  again  on  the  same  side  of 
the  sun  in  a  straight  line  ? 
Deductive  Solution: 

The  daily  motion  of  the  earth  is 
The  daily  motion  of  Mars  is  ||^° 
.'.  In  1  da.  the  earth  passes  Mars 
When  the  earth  passes  Mars  360°,  they  will  be  again  in 
a  straight  line. 

.-.  (ff ^°  -  f f f °)  X  the  required  number  =  360^ 
.-.  The  required  number  =  360°  -«-  (fff°  -  fff°). 
Dividing  dividend  and  divisor  by  360°, 

.'.  The  required  number  =  1  -$-  (^^  —  f iy)* 
The  period  of  revolution  of  each  of  the  planets  is  given 
in  the  following  table : 

Mercury 88  days  Jupiter      ....  4,333  days 

Venus   ......  225  days  Saturn 10,759  days 

The  earth      ....  365  days  Uranus      ....  30,687  days 

Mars 687  days  Neptune    ....  60,181  days 

EXERCISE  453  (Written) 
1.   How  many  days  elapse  between  the  time  the  earth 
and  Mercury  are  on  the  same  side  of  the  sun  in  a  straight 
line  until  they  are  again  on  the  same  side  of  the  sun  in  a 
straight  line  ? 


304  ABITHMETIO 

2.  (a)  Work  a  like  problem  for  the  earth  and  Venus. 
(6)  Work  a  like  problem  for  the  earth  and  Jupiter. 
((?)  Work  a  like  problem  for  the  earth  and  Saturn, 
(c?)  Work  a  like  problem  for  the  earth  and  Uranus, 
(e)  Work  a  like  problem  for  the  earth  and  Neptune. 

3,  (a)  Work  a  like  problem  for  Venus  and  Mars. 
(6)  Work  a  like  problem  for  Uranus  and  Neptune. 

CURRENTS 

273.  It  is  a  principle  in  physical  science  that  if  two 
forcea  act  on  a  body  free  to  move,  their  combined  effect  is 
equal  to  the  sum  of  the  forces  if  they  act  in  the  same 
direction,  and  equal  to  their  difference  if  they  act  in 
opposite  directions. 

274.  Example  1.  A  boat  is  rowed  18  mi.  downstream 
in  3  hours.  In  what  time  can  the  boat  return,  if  the  rate 
of  the  current  is  IJ  mi.  per  hour  ? 

Solution.  The  rate  of  rowing  per  hour  down  the 
stream  is  18  mi.  -f-  8,  i.e.  6  mi. 

The  rate  of  the  current  is  1^  mi.  per  hour. 

.'.  The  rate  of  rowing'  in  still  water  is  6  mi.  — 1|^  mi.= 
4J  mi. 

.'.  The  rate  of  rowing  against  the  current  is4Jmi.  — IJ 
mi.,  i.e.  8  mi. 

.*.  The  time  of  rowing  against  the  current  is  18  mi.  -s- 
8  mi.  =  6. 

.*.  It  takes  6  hr.  to  return. 

Example  2.  A  man  rows  15  mi.  and  back  in  7J  hr. 
He  rows  3  mi.  with  the  current  in  the  same  time  he  rows 
2  mi.  against  the  current.  How  long  does  it  take  him  to 
row  down  ?     What  is  the  rate  of  the  current  ? 
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Solution.  His  rate  of  rowing  down  the  stream  is  IJ^ 
times  as  fast  as  his  i*ate  of  rowing  up  the  stream. 

.'.  His  time  of  rowing  down  the  stream  is  (1 4-  IJ)  of 
the  time  of  rowing  up  the  stream. 

.*.  His  time  of  rowing  down  the  stream  is  |  of  the  time 
of  rowing  up  the  stream. 

.-.  The  time  of  rowing  down  the  stream  is  to  the  time  of 
rowing  up  the  stream  in  the  ratio  2 : 3. 

Divide  7  J  hr.  in  the  ratio  2 :  3. 

.'.  The  time  of  rowing  down  the  stream  is  ^  of  7J  hr.  = 
3hr. 

/.  The  time  of  rowing  up  the  stream  is  |  of  7 J  hr.  =  5  hr. 

.-.  The  rate  of  rowing  downstream  is  15  mi. -5-3=5  mi. 

.'.  The  rate  of  rowing  upstream  is  15  mi. -5-5  =  3  mi. 

In  rowing  down  we  add  the  rate  of  the  current  to  the 
rate  in  still  water,  and  in  rowing  up  we  subtract  the  rate 
of  the  current  from  the  rate  in  still  water. 

.*.  The  difference  of  the  rates  down  and  up  stream  is 
twice  the  rate  of  the  current. 

.'.  Rate  of  the  current  is  1  mi.  per  hour. 

EXERCISE  154  (Written) 

1.  In  still  water  a  boat's  crew  rowed  6  mi.  and  back  in 
2  hr.  In  what  time  could  they  row  6  mi.  and  back  again, 
if  there  was  a  current  at  the  rate  of  3  mi.  an  hour  ? 

2.  A  steamboat's  rate  down  a  river  is  14  mi.  per  hour, 
and  it  goes  in  2J  hr.  down  the  river  as  far  as  it  goes  in 
3 J  hr.  up  the  river.     At  what  rate  does  the  river  flow  ? 

3.  A  crew  can  row  20  mi.  and  back  in  6 J  hr.  They 
can  row  1^  mi.  against  the  current  in  the  same  time  they 
can  row  2  mi.  with  the  current.  Find  the  time  of  rowing 
up,  and  also  the  rate  of  the  current. 
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4.  A  boat  is  rowed  in  still  water  4  mi.  and  back  in 
1  hr.  46  min.  40  sec.  In  what  time  can  the  boat  be  rowed 
4  mi.  and  back,  if  there  is  a  current  of  1 J  mi.  per  hour  ? 

MISCELLANEOUS    PROBLEMS 

275.  Example  l.  A  can  beat  B  5  yd.  in  a  race  of  100 
yd. ;  B  can  beat  C  10  yd.  in  200  yd.  How  many  yards 
can  A  beat  C  in  400  yd.  ? 

Solution  : 

B's  speed  is  ^^  of  A's  speed. 

C's  speed  is  |-^  of  B's  speed. 
.-.  C's  speed  is  J^  of  (^^  of  A's  speed). 
.-.  C's  speed  is  J^^  of  j^  of  A's  speed. 
.-.  C's  speed  is  f^^  of  A's  speed. 
.*.  C's  speed  and  A's  speed  are  in  the  ratio  361 :  400. 
.-.  In  400  yd.  A  beats  C  400  yd.  -  361  yd.,  or  39  yd. 

Note.  The  following,  problem  has  been  current  in  English  and 
American  text-books  for  at  least  a  generation.  We  give  two  solu- 
tions to  illustrate  how  a  so-called  difficult  problem  may  become  simple 
by  a  proper  mode  of  attack. 

Example  2.  A  train  is  traveling  from  one  station  to 
another.  After  traveling  an  hour  it  breaks  down  and  is 
delayed  for  an  hour.  It  then  proceeds  at  f  of  its  former 
speed,  and  arrives  3  hr.  late.  Had  it  gone  50  mi.  farther 
before  the  breakdown,  it  would  have  arrived  1  hr.  20  min. 
sooner.  Find  the  rate  of  traveling  per  hour  and  the  length 
of  the  line. 

Deductive  Solution.  From  the  second  condition  of 
the  problem  it  follows  that : 

I.  The  train  loses  1  hr.  20  min.  in  going  60  mi. 

The  rate  after  the  breakdown  and  the  rate  before  the 
breakdown  are  in  the  ratio  3 : 5. 
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.".  The  time  taken  to  go  60  mi.  after  the  breakdown  is 
to  the  time  taken  to  go  50  mi.  before  the  breakdown  in 
the  ratio  5  :  3. 

.'.  A  distance  requiring  3  hr.  at  the  original  speed  re- 
quires 6  hr.  at  the  speed  after  the  breakdown.     .  .  .  (a). 

.*.  The  loss  in  time  is  |  of  the  original  time. 

Two-thirds  of  the  original  time  in  going  50  mi.  =  1  hr. 
20  min.  =  |  hr. 

.".  The  original  time  in  going  50  mi.  =  |  lir.  -5-  f  = 
2hr. 

.".  The  original  speed  =  50  mi.  -?-  2  =  25  mi. 

II.    The  train  is  3  hr.  late. 

.'.  The  train  lost,  after  the  breakdown,  2  hr. 

.'.  The  original  time  in  going  from  the  breakdown  to 
the  destination  was  3  hr.     (See  (a)  above.) 

.*.  The  original  time  for  the  entire  distance  was  4  hr. 

.-.  The  length  of  the  line  is  25  mi.  x  4  =  100  mi. 

Analytical  Solution: 

1  hr.  20  min.  is  lost  in  going  50  mi. 
.'.  80  min.  is  lost  in  going  50  mi. 
.'.  1  min.  is  lost  in  going  |  mi. 
.*.  120  min.  is  lost  in  going  75  mi. 
.•.  2  hr.  is  lost  in  going  75  mi. 
But  2  hr.  is  the  entire  time  lost. 

.'.  The  distance  traveled  after  the  breakdown  is 
75  mi. 

Again,  since  the  train  at  its  original  speed  goes  as  far 
in  3  hr.  as  it  went  in  5  hr.  at  its  speed  after  the  break- 
down, 

/.  In  8  hr.  at  the  original  speed  it  goes  75  mi. 
•*•  In  1  hr.  at  the  original  speed  it  goes  25  mi. 
.*.  The  length  of  the  line  is  75  mi.  +  25  mi.  =  100  mi. 
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EXERCISE  155  (Written) 

1.  A  can  beat  B  60  yd.  in  a  1000-yd.  race,  and  B  can 
beat  C  50  yd.  in  a  1000-yd.  race.  How  far  can  A  beat 
C  in  a  1000-yd.  race  ? 

2.  The  first  of  five  clerks  can  copy  3  lines  as  quickly  as 
the  second  can  copy  4,  the  second  can  copy  6  as  quickly 
as  the  third  can  copy  3,  the  third  can  copy  7  as  quickly  as 
the  fourth  can  copy  8,  the  fourth  can  copy  14  as  quickly 
as  the  fifth  can  copy  17.  How  many  lines  can  the  fifth 
copy  while  the  first  is  copying  490  ? 

3.  If  9  yd.  of  calico  are  worth  4  yd.  of  linen,  and  6  yd. 
of  linen  are  worth  5  yd.  of  flannel,  and  16  yd.  of  flannel 
are  worth  13  yd.  of  cambric,  how  many  yards  of  cambric 
are  worth  15  yd.  of  calico  ? 

4.  A  train  travels  for  1  hr.,  when  it  meets  with  an 
accident  and  is  delayed  30  min.  It  then  proceeds  at  |  of 
its  original  speed  and  arrives  1  hr.  30  min.  late.  Had  it 
gone  36  mi.  farther  before  the  accident,  it  would  have 
arrived  1  hr.  late.  Find  the  rate  of  traveling  and  the 
entire  distance  traveled. 

5.  A's  rate  of  working  is  to  B's  in  the  ratio  4  : 3,  and  B's 
is  to  C's  in  the  ratio  2  : 1.  How  long  will  it  take  C  to  do 
what  A  would  do  in  6  days  ? 

6.  A  sum  of  money  is  to  be  divided  among  11  men  aud 
18  boys,  and  6  men  are  to  receive  as  much  as  9' boys. 
When  3  men  and  3  boys  have  received  their  shares,  what 
fraction  of  the  whole  sum  remains  ? 

REVIEW  QUESTIONS 

1.  Define  the  terms  antecedent^  consequent. 

2.  Why  must  the  terms  of  a  ratio  be  both  abstract  or 
both  concrete  ? 
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3.  When  do  numbers  vary  directly  ?    When  do  num- 
bers vary  inversely  ? 

4.  If  the  area  of  a  triangle  is  given,  do  the  altitude 
and  the  base  vary  directly  or  inversely  ? 

5.  What  effect  on  the  value  of  a  ratio  has  multiplying 
its  terms  by  the  same  number? 

6.  How  do  you  divide  a  number  in  any  given  ratio  ? 

7.  What  is  the  first  objective  point  in  the  solution  of 
questions  involving  motion  ? 

8.  What  are  the  relative  rates  of  motion  of  the  hands 
of  a  clock  ? 

9.  How  long  does  it  take  the  minute  hand  to  gain  on 
the  hour  hand  11  minute  spaces  ? 

10.  If  the  hands  of  a  watch  or  clock  are  together,  in 
how  many  minutes  will  the  minute  hand  be  120®  ahead  of 
the  hour  hand  ? 

11.  If  you  knew  the  rate  of  rowing  in  still  water,  and 
the  rate  of  a  current,  how  would  you  find  the  rate  of  row- 
ing down  the  stream?  Upon  what  principle  in  physical 
science  does  the  answer  to  this  question  depend  ? 
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PERCENTAGE 

276.  Example  1.  A  man  invests  $750  and  gains  4^  on 
every  dollar  invested.  Find  his  total  gain,  and  the  gain 
on  $100. 

Solution.     $1  gains  4^. 

.-.  $750  gains  AP  x  750  =  $30. 
.-.  $  100  gains  4^  x  100  =  $4. 
The  gain  is  $30. 
The  gain  on  $100  is  $4. 
In  this  example  the  rate  of  gain  on  $1  is  4^. 
The  rate  of  gain  on  $100  is  $4. 

The  number  indicating  the  gain  on  $100  is  called  the 
gain  per  cent. 

The  ratio  of  the  gain  to  the  investment,  or  the  ratio  of 
the  gain  on  $1  to  $1  is  called  the  rate.  In  the  above 
example  the  gain  on  $1  is  4^.  The  ratio  of  4^  to  $1  is 
the  rate. 

The  result,  i.e.  the  whole  gain,  is  often  called  the  per- 
centage. 

277.  Per  cent  means  "by  the  hundred,"  or  "on  every 
hundred."     The  symbol  %  stands  for  the  woxAs  per  cent. 

278.  Rate  per  cent  means  so  many  on  a  hundred. 
Thus,  5%  means  5  on  every  hundred.  A  rate  of  5  on 
every  100  is  the  same  as  a  rate  of  1  in  20,^  or  .05  in  1. 

The  number  denoting  the  rate  on  one  or  unity  is  called 
the  rate. 

310 
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279.  The  result  of  taking  a  rate  per  cent  of  a  quantity 
is  called  percentage. 

The  term  percentage  is  also  used  to  designate  computa- 
tion on  the  basis  of  100.  This  chapter  is  headed  "  Per- 
centage." Percentage  is  also  used  occasionally  in  the 
same  sense  as  per  cent. 

280.  Example  l.  A  man  gains  5%  on  an  investment  of 
$850.     Find  his  gain. 

Solution.    To  gain  5%  of  a  sum  of  money  means  to 
gain  $5  on  every  $  100  of  the  sum  of  money. 
On  $  100  there  is  a  gain  of  $5. 
.".  On  $1  there  is  a  gain  of  f -j^. 
.••  On  $  850  there  is  a  gain  of  f  y^^  x  850  =  $42.60. 

Another  Point  of  View 

To  gain  5%  is  to  gain  5  times  1%. 

1%  means  1  in  every  100. 

.-.  l%of$850  =  $|f^. 

.-.  5%of  $850  =  Ifi^x  5  =  142.50. 

In  this  example  the  rate  per  cent  of  gain  is  5. 

The  rate  of  gain  is  y^,  ^,  or  .05. 

We  may  say  a  train  has  a  speed  of  60  mi.  an  hour,  a 
speed  of  1  mi.  a  minute,  or  a  speed  of  88  ft.  a  second. 
The  three  statements  imply  one  and  the  same  rate  of 
motion.  In  the  first  statement  we  estimate  the  speed  on 
the  basis  of  1  hr.  of  time.  In  the  second  statement  we 
estimate  the  speed  on  the  basis  of  1  min.  of  time,  and  in 
the  third  statement  we  estimate  the  speed  on  the  basis  of 
1  sec.  of  time. 

Similarly,  a  business  man  may  estimate  his  gains  and 
losses  on  the  basis  of  any  particular  sum  of  money.  If  he 
makes  100  the  basis  for  estimating  his  gains  or  his  losses, 
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then  his  rate  of  gain  or  loss  is  called  rate*  per  cent.  If  he 
makes  $  1  the  basis  for  estimating  his  gains  or  his  losses, 
then  his  rate  of  gain  or  loss  is  simply  a  rate  on  $  1  and  is 
called  rate.  This  is  not  rate  per  cent.  When  we  use  the 
phrase  "rate  per  cent,"  the  basis  of  computation  is  100. 
When  we  use  the  word  rate  alone,  the  basis  of  computa- 
tion is  unity. 

What  is  the  rate,  when  the  rate  per  cent 


Eooample  2. 
is  7? 


Example  3. 
cent? 


The  rate  on  100  is  7. 
,  The  rate  on  1  is  -^^  or  .07. 
.  The  rate  is  yj^  or  .07. 

When  the  rate  is  \^  what  is  the  rate  per 

Rate  on  1  is  \, 
.-.  Rate  on  100  is  if^  =  12J. 
.*.  Rate  per  cent  is  12^. 


EXERCISE  156 

(Oral) 

Express 

each  of  the 

following 

rates  per  cent 

as  a 

rate: 

1.   60. 

13. 

9. 

25. 

6f 

37. 

67|. 

49. 

86|. 

2.   80. 

14. 

8. 

26. 

^. 

38. 

71f 

50. 

27f 

3.   75. 

15. 

5. 

27. 

6f 

39. 

85f 

51. 

88|. 

4.   90. 

16. 

4. 

28. 

H- 

40. 

22f 

52. 

61f 

s.  40. 

17. 

16. 

29. 

13*. 

41. 

36^. 

53. 

18t. 

6.  45. 

18. 

33J. 

30. 

23*. 

42. 

55^. 

54. 

31i. 

7.   56. 

19. 

16f. 

31. 

36f. 

43. 

41f. 

55. 

43|. 

8.   30. 

20. 

14f. 

32. 

43J. 

44. 

58*. 

56. 

37J. 

9.   35. 

21. 

12J. 

33. 

53*. 

45. 

91f. 

57. 

62J. 

10.   25. 

22. 

llf 

34. 

66f. 

46. 

13*. 

58. 

87J. 

11.   20. 

23. 

9^. 

35. 

28f 

47. 

46$. 

59. 

68|, 

12.   10. 

24. 

^. 

36. 

42f 

48. 

73*. 

60. 

88|. 

PERCENTAGE 
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281.  Example  1.  Express  the  rate  .01 J  as  a  rate  per 
cent. 

The  rate  on  1  is  .01^. 
.-.  The  rate  on  100  is  .01^  x  100  =  1\. 
.".  The  required  rate  per  cent  is  1\. 

Example  2.     Express  the  rate  .001|  as  a  rate  per  cent. 
The  rate  on  1  is  .OOlf . 

.-.  The  rate  on  100  is  .OOlf  x  100  =  .1|  =  ii  =  ^. 
.".  The  rate  per  cent  is  ^. 

(a)  Bear  in  mind,  we  multiply  or  divide  by  100  by 
moving,  respectively,  the  decimal  point  two  places  to  the 
right  or  two  places  to  the  left. 

(6)  Remember  in  expressions  such  as  .004|,  the  | 
means  here,  as  elsewhere,  f  of  the  unit  to  its  immediate 
left ;  in  this  instance  |  of  1  thousandth. 

EXERCISE  157  (Oral) 


Exprej 

ss  ea( 

3hof  1 

bhefc 

allowing 

'  rates  as  a  rate  per 

•  cent : 

1. 

.04. 

10. 

H- 

19. 

H- 

28. 

.005. 

37. 

.005f 

2. 

.05. 

11. 

«• 

20. 

f- 

29. 

.006|. 

38. 

.01*. 

3. 

.08. 

12. 

H. 

21. 

f 

30. 

.016f. 

39. 

.llf 

4. 

.12i. 

13. 

H. 

22. 

H- 

31. 

.038J. 

40. 

.04^. 

5. 

.25. 

14. 

If 

23. 

T^- 

32. 

.Olf 

41. 

.OOSf. 

6. 

.06f. 

15. 

if- 

24. 

1- 

33. 

.007f 

42. 

.0075. 

7. 

A- 

16. 

^• 

25. 

10^* 

34. 

.002. 

43. 

.0008^ 

8. 

A- 

17. 

A- 

26. 

^hs- 

35. 

.006. 

44. 

.00161' 

9. 

tV 

la 

tt- 

27. 

.003i. 

36. 

.002J. 

45. 

.0024. 
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EXERCISE  158  (Written) 


ind: 
1. 

9%  of  *84. 

2. 

8%  of  $425. 

3. 

6%  of  $800. 

4. 

5%  of  12000. 

5. 

8%  of  13250. 

6. 

1%  of  14500. 

7. 

10%  of  12250. 

8. 

11%  of  114000, 

9. 

12%  of  $7250. 

10. 

4%  of  $3600. 

11. 

5%  of  $983. 

12. 

8%  of  $750. 

13. 

6%  of  $850. 

14. 

1%  of  $1250, 

15. 

25%  of  $4840. 

16. 

30%  of  $3290, 

17. 

40%  of  $4600, 

18. 

50%  of  $3250. 

19. 

75%  of  $4000, 

20. 

70%  of  $3500, 

21. 

80%  of  $2450. 

22. 

100%  of  $7800. 

23. 

16%  of  $3200, 

24. 

18%  of  $9200. 

25.  125%  of  $4000. 

26.  225%  of  $5400. 

282.     It  is  well   to  fix  firmly  in  mind  the  following 
relatione : 

100%  of  a  number  =  the  number 

110%  of  a  number  =  1^  of  the  number. 

16f  %  of  a  number  =  J  of  the  number. 

20%  of  a  number  =  ^  of  the  number. 

25%  of  a  number  =  ^  of  the  number. 
33^%  of  a  number  =  J  of  the  number. 

50%  of  a  number  =  J  of  the  number. 
66f  %  of  a  number  =  f  of  the  number. 
^  75%  of  a  number  =  |  of  the  number. 
12  J  %  of  a  number  =  ^  of  the  number. 
37  J  %  of  a  number  =  f  of  the  number. 
62|  %  of  a  number  =  f  of  the  number. 
87  J  %  of  a  number  =  |  of  the  number. 


Find: 

EXERCISE 

159  (Written) 

1. 

33^%  of  *9600. 

14. 

1H%  of  $9981. 

2. 

66f  %  of  $3240. 

15. 

88|%  of  $9360. 

3. 

25%  of  14920. 

16. 

77^%  of  $8480. 

4. 

20%  of  $4500. 

17. 

8^%  of  $5640. 

5. 

16|%  of  $636. 

18. 

41^%  of  $9120. 

6. 

83^%  of  $792. 

19. 

58^%  of  $7560. 

7. 

14f  %  of  $147. 

20. 

6|%  of  $4515. 

8. 

28^%  of  $287. 

21. 

13^%  of  $4845. 

9. 

42f  %  of  $910. 

22. 

26f  %  of  $3900. 

10. 

57{%  of  $1260. 

23. 

4^1%  of  $2400. 

11. 

12J%  of  $3280. 

24. 

5f  %  of  $3600. 

12. 

37i%  of  $4640. 

25. 

27^%  of  $5418. 

13. 

62J%  of  $5720. 

26. 

116|%  of  $672. 
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27.  The  composition  of  a  piece  of  coal  taken  from  the 
Texas  and  Pacific  Coal  Company's  mine  is  given  as  follows : 
moisture,  5.46%;  combustible  matter,  35.66%;  fixed 
carbon,  49.17%;  ash,  9.71%.  Find  the  amount  of  each 
constituent  in  2000  lb.  of  coal.     Check  your  answer. 

28.  The  analysis  of  a  specimen  of  lignite  is  given  as 
follows : 

Moisture,  29.07%;  combustible  matter,  28.96%;  fixed 
carbon,  24.47%;  ash,  17.60%.  Find  the  amount  of  each 
constituent  in  a  ton  of  lignite.     Check. 

29.  Distilled  water  is  composed  of  two  gases,  11^% 
by  weight  being  hydrogen,  and  88|%  by  weight  being 
oxygen.  Find  the  weight  of  each  gas  that  can  be 
obtained  from  10  lb.  of  water. 
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30.  A  bookkeeper  receives  a  salary  of  $1800  per  annum. 
If  he  spends  62  J  %  of  his  salary,  and  saves  the  remainder, 
how  much  does  he  spend  ?     How  much  does  he  save  ? 

31.  An  auriferous  ore  contains  .5%  of  gold.  How 
many  pounds  Avoirdupois  of  gold  would  2240  lb.  of  this 
ore  yield  ? 

32.  A  copper  ore  contains  6J%  of  copper.  Find  the 
number  of  pounds  of  copper  in  500  lb.  of  this  ore. 

33.  A  owns  16J%  of  a  boat  valued  at  $12,800.  What 
is  the  value  of  A's  share  of  the  boat  ? 

34.  The  estimated  value  of  the  exports  of  the  United 
States  for  1899  was  $1,275,000,000.  The  percentages  of 
exports  from  United  States'  ports  for  that  year  are  given 
as  follows:  New  York,  37.4%;  Boston,  10.43%;  Philar 
delphia,  5.05%;  Baltimore,  8.9%;  New  Orleans,  6.4%- 
Galveston,  7.17%.  Find  the  value  of  the  exports  from 
these  cities. 

35.  The  value  of  the  crude  rubber  exported  from  Brazil 
to  the  United  States  in  1898  was  113,300,000.  In  the 
year  1899,  this  increased  88^%.  Find  the  increase,  and 
also  find  the  value  of  the  export  in  1899. 

36.  The  value  of  the  raw  sUk  imported  by  the  United 
States  from  Japan  in  1898  was  112,500,000.  In  1899,  the 
imports  of  raw  silk  increased  67.2%.  Find  the  increase, 
also  find  the  value  of  the  raw  silk  imported  from  Japan 
in  1899. 

37.  The  value  of  the  total  exports  of  the  United  States 
for  the  year  1902  is  estimated  at  $1,355,481,680.  Of  this 
value,  the  agricultural  products  constitute  62.81%,  the 
mining  products,  2.88%,  and  the  manufactures,  29.8%. 
Find  the  value  of  the  exports  of  the  agricultural  products, 
of  the  mining  products,  and  of  the  manufactures. 
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38.  The  composition  of  cast  iron,  steeL,  and  wrought 
iron  is  given  as  follows : 


Cast  Ikon 

WaOOGHTbOM 

Carbon         .... 

3.81% 

.65% 

.10% 

Silicon         .... 

1.68% 

.07% 

.05% 

Phosphoros. 

.70% 

.03% 

.15% 

Sulphur       .... 

.60% 

•02% 

.05% 

Manganese  .... 

.41% 

•40% 

.07% 

Iron 

92.80% 

98.83% 

99.58% 

Find  the  weight  of  each  constituent  in  2  T.  of  cast 
iron.     In  2  T.  of  steel.     In  2  T.  of  wrought  iron. 

39.  Dead  Sea  water  contains  22.86%  of  solid  matter. 
Find  the  weight  of  solid  matter  obtained  from  evaporating 
1  T.  of  Dead  Sea  water. 

283.  Example.     If  15.5%  of  a  number  equals  22.785, 
what  is  the  number  ? 
Solution  : 

15.5%  of  the  number  =  22.785. 
22.785 


1%  of  the  number  = 


100  %  of  the  number  = 


The  number  is  147. 


15.5 
22.785 


15.5 


X  100  =  147. 


EXERCISE  160  (Written) 

1.  If  5%  of  a  number  equals  185,  what  is  the  number? 

2.  If  12^%  of  a  man's  salary  is  $il56,  what  is  the  man's 


3.  If  37|%  of  a  man's  property  is  valued  at  $324,  what 
is  the  value  of  his  property  ? 
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4.  The  number  360  is  equal  to  5%  of  what  number? 
6%  of  what  number?  8%  of  what  number  ?  9%  of  what 
number  ? 

5.  The  number  120  is  equal  to  3%  of  what  number? 
i%  of  what  number?  5%  of  what  number?  6%  of  what 
number?  8%  of  what  number?  12%  of  what  number? 

6.  $750  is  6%  of  what  sum  of  money?  6|%  of  what 
sum  of  money?  7^%  of  what  sum  of  money?  12  J  %  of 
what  sum  of  money  ? 

7.  $108  is  30%  of  what  sum?  25%  of  what  sum? 
33  J%  of  what  sum?  44  J  %  of  what  sum? 

8.  1450  is  6J%  of  what  sum?  6f%  of  what  sum? 
8J%  of  what  sum?  12  J  %  of  what  sum?  16|%  of  what 
sum? 

9.  $420  is  37^%  of  what  sum?  62|%  of  what  sum? 
87^%  of  what  sum? 

10.  In  1900  the  commercial  value  of  silver  was  3%  of 
the  value  of  gold.  Find  the  number  of  ounces  of  silver 
equivalent  in  value  to  126  ounces  of  gold. 

11.  Of  the  population  of  the  United  States  in  1900, 
27,849,760  were  married.  This  number  was  36.5%  of  the 
population.     Find  the  population  in  1900. 

12.  The  census  of  1900  gives  the  number  of  married 
men  in  the  United  States  as  14,003,798.  This  number 
was  35.9%  of  the  number  of  males.  Find  the  male  popu- 
lation. 

13*.  The  census  of  the  same  year  gives  the  number  of 
married  women  in  the  United  States  as  13,846,963.  This 
number  was  37.2%  of  the  entire  number  of  females. 
Find  the  female  population. 
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14.  Of  the  number  of  illiterates  above  10  years  of  age  in 
the  United  States  15.5%,  according  to  the  census  of  1900, 
can  neither  read  nor  write.  This  number  is  955,840. 
Find  the  number  of  illiterates  above  10  years  of  age  in  the 
United  States  in  1900. 

15.  Of  the  average  value  of  the  raw  cotton  exported 
from  the  United  States  in  5  years  50.4%  went  to  Eng- 
land. If  the  export  of  raw  cotton  to  England  amounts  in 
value  to  $107,600,000,  find  the  average  value  of  the  raw 
cotton  exported  to  England. 

16.  Of  the  sheep  exported  from  the  United  States 
86%  are  shipped  to  England.  If  the  value  of  the  sheep 
shipped  to  England  in  a  certain  year  was  $1,685,800, 
find  the  total  value  of  the  export  of  sheep  for  that 
year. 

17.  Of  the  pupils  attending  school  in  a  certain -city  6% 
are  in  the  senior  class  of  the  high  school.  If  the  senior 
class  numbers  21,  find  the  number  of  pupils  attending 
school  in  that  city. 

18.  In  a  certain  city  the  number  of  pupils  promoted 
at  the  end  of  the  scholastic  year  was  2765.  This 
number  was  79%  of  the  number  of  pupils  in  school. 
Find  the  number  of  pupils  attending  school  in  that 
city. 

19.  The  foreign-born  population  of  a  city  is  10,668. 
This  number  is  3J%  of  the  population  of  the  city.  Find 
the  population  of  the  city. 

20.  Of  the  water  of  the  Dead  Sea  22.857%  is  saline 
material.  If  a  quantity  of  Dead  Sea  water  is  evaporated, 
and  the  saline  material  left  behind  weighs  914.28  lb.,  what 
is  the  weight  of  the  water  before  evaporation  ? 
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284.   Example  i.     A  man  invests  $8400  and  makes  a 
clear  profit  of  ♦  1400.     Find  the  rate  per  cent  of  profit. 
Solution  : 

On  $  8400  the  gain  is  1 1400. 
.-.  Onfl  thegainisl^^. 
.-.  On  $  100  the  gain  is  1 1|^  x  100  =  $  16|. 
.-.The  profit  is  16f%. 

Example  2.  The  population  of  Fargo,  N.  D.,  in  1890 
was  5664,  and  in  1900  was  9589.  Find  the  rate  per  cent 
of  increase  in  population  in  10  years. 

Solution.     Population  in  1890  =  5664. 

Population  in  1900  =  9689. 

.•.  The  increase  =  8925. 

In  5664  there  is  an  increase  of  8925. 

.•.  In  1  there  is  an  increase  of  ff ff . 

.-.  In  100  there  is  an  increase  of  ||f|  x  100  «  69.3, 
nearly. 

.*.  The  rate  per  cent  of  increase  is  69.3,  or  the  increase 
is  69.3%. 

Example  3.    What  per  cent  of  12  is  5  ? 
Solution  : 
12  =  100%  of  12. 
.-.1=^  of  100%  of  12. 

.-.5  =  ^5  of  100%  of  12  =  41|%  of  12;  or  proceed 
thus: 

5  =  3^  of  12.     The  rate  ^  =  41f  %. 

EXERCISE  161  (Written) 

1.  What  per  cent  of  15  is  12  ? 

2.  What  per  cent  of  20  is  4  ?  is  7?  is  11?  is  13? 

3.  What  per  cent  of  40  is  2 ?  is  8?  is  12?  is  17? 
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4.  What  per  cent  of  90  is  9?  is  12?  is  27?  isllj? 

5.  What  per  cent  of  120  is  15?  is  18?  is  46?  is  80? 

6.  What  per  cent  of  480  is  28.8?  is  83.6?  is  40? 
is  90?   is  500? 

7.  What  per  cent  of  1728  is  345.6  ?  is  155.52  ?  is  288  ? 
is  108.5?  is  3456? 

8.  What  per  cent  of  231  is  21  ?  is  77?  is  34.65? 

9.  What  per  cent  of  5280  is  88  ?  is  440  ?  is  330  ?  is 
110? 

10.  What  per  cent  of  a  bushel  is  a  quart  ? 

11.  What  per  cent  of  a  mile  is  8  rd.? 

12.  What  per  cent  of  an  acre  is  a  square  rod  ? 

13.  What  per  cent  of  a  chain  is  a  yard  ? 

14.  What  per  cent  of  1  sq.  ch.  is  1  sq.  rd.? 

15.  What  per  cent  of  1  gal.  is  1  pt.? 

16.  What  per  cent  of  1  sq.  rd.  is  7  sq.  yd.  5  sq.  ft. 
9  sq.  in  ? 

17.  What  per  cent  of  a  rod  is  1  yd.  2  ft.  6  in.? 

18.  What  per  cent  of  1  mi.  is  1  knot  ? 

19.  What  per  cent  of  1  mi.  is  an  arc  of  1'  measured 
on  the  40th  parallel  of  latitude  ?     (See  table,  page  261.) 

20.  What  per  cent  of  1  mi.  is  1  ch.?  is  8  ch.? 

21.  What  per  cent  of  1  sq.  mi.  is  the  S.  W.  \  of  N.  E. 
J  of  a  section  of  land  ? 

22.  What  per  cent  of  a  common  year  is  73  da.?  is  219 
da.?  is  292  da.? 

23.  A  meter  is  39.37  in.     What  per  cent  of  a  meter  is 
1  yd.?     What  per  cent  of  1  yd.  is  1  meter  ? 

24.  A  kilometer  is  1000  meters.     What  per  cent  of  1 
mir  is  1  km.? 

T 
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25.  What  per  cent  of  I  lb.  Avoirdupois  is  1  lb.  Troy  ? 

26.  What  per  cent  of  1  oz.  Avoirdupois  is  1  oz.  Troy  ? 

27.  What  per  cent  of  the  area  of  each  of  the  following 
states  consists  of  irrigated  land  ? 


ACBBS   iREieATBD 

Abka  in  Sqttabb  Miles 

(a)  California  . 

1,446,114 

158,360 

(6)  Colorado,    . 

1,611,270 

103,925 

(c)  Louisiana  . 

201,685 

48,720 

(d)  Montana     . 

951,054 

146,080 

(c)  Nevada 

501,168 

110,700 

(/)  Oregon       . 

388,110 

96,030 

(g)  Utah  . 

629,290 

•  84,970 

(k)  Washington 

135,470 

69,180 

(i)   Wyoming  . 

605,230 

97,890 

28.    Find  the  increase  per  cent  in  the  population  of  each 
of  the  following  cities  for  the  ten  years  from  1890  to  1900: 


Population  in  1890 

Population  in  1900 

Mobile          .... 

31,076 

38,469 

Little  Rock 

25,874 

38,307 

Los  Angeles 

50,395 

102,479 

Denver 
Fensacola     . 

106,713 
11,750 

133,859 
17,747 

Savannah     . 

43,189 

54,244 

Springfield   . 

24,963 

34,159 

Evansville    . 

50,756 

59,007 

Dubuque 

30,311 

36,297 

Kansas  City,  Kan 

38,316 

51,418 

Lexington     . 

21,567 

26,369 

Kansas  City,  Mo. 

132,716 

163,752 

Minneapolis 

164,738 

202,718 
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29.  The  total  production  of  butter  in  the  United  States 
in  1899  is  estimated  at  1,430,000,000  lb.  Of  this  quantity 
16,002,000  lb.  was  exported.  Find  the  per  cent  of  the 
total  production  exported. 

30.  For  the  year  1899  the  total  production  of  cheese  in 
the  United  States  is  estimated  at  300,000,000  lb.  Of  this 
quantity  27,203,200  lb.  was  exported.  Find  the  per  cent 
of  cheese  exported. 

31.  The  number  of  farms  in  the  United  States  June  1, 
1900,  was  5,739,657.  The  number  of  farms  operated  by 
owners  was  3,713,371.  The  number  of  farms  operated 
by  tenants  was  762,920.  The  number  of  farms  operated 
by  share  tenants  was  1,273,366.  Find  the  per  cent  oper- 
ated by  owners,  by  tenants,  and  by  share  tenants  respec- 
tively. 

32.  The  world's  production  of  wool  in  1901  was 
2,700,000,000  lb.  nearly.  Of  this  quantity  the  United 
States  produced  303,000,000  lb.  What  per  cent  of  the 
world's  production  was  produced  in  the  United  States  ? 

PROFIT  AND  LOSS 
285.  Example  1.   A  dealer  sold  two  pianos  for  1 240  each. 
On  the  first  piano  he  made  a  profit  of  20%,  and  on  the 
second  piano  he  lost  20%.     Did  he  gain  or  lose  by  the 
transaction,  and  how  much  ? 
Solution  : 

100%  of  the  cost  of  first  piano  =  cost  of  first  piano. 
20%  of  the  cost  of  first  piano  =  profit  on  first  piano. 
.-.  120%  of  the  cost  of  first  piano  =  $240. 

$240 


1%  of  the  cost  of  first  piano  = 


120 


100%  of  the  cost  of  first  piano  =  ^^  x  100  =  $200. 
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Again  : 
100  9i  of  the  cost  of  second  piano  =  cost  of  second  piano. 
20%  of  the  cost  of  second  piano  =  loss  on  second  piano. 
80%  of  the  cost  of  second  piano  =  $240. 

$240 


1%  of  the  cost  of  second  piano  =  • 


80 


100%  of  the  cost  of  second  piano  =  ^^  x  100  =  $300- 

The  two  pianos  cost  $200  +  f  300  =  $500. 
The  two  pianos  sold  for  $240  x  2  =  $480. 
The  dealer  lost  $20. 

Example  2.  A  man  sold  a  horse  for  $126,  thereby  losing 
What  should  have  been  the  selling  price  of  the 
horse  to  have  a  profit  of   15%  ? 
Solution.    100%  of  cost  =«  cost. 
20%  of  cost  =  loss. 
.-.     80%  of  cost  =  $126  (selling  price). 
$126 


%  of  cost  = 


80 


.-.  115%  of  cost  =  i^  X  116  =  $181,125. 

But  115%  of  cost  =  cost  +  15%  of  cost. 
.•.  Required  selling  price  =  $181.12. 

Example  3.  How  should  goods  be  marked  so  that  a 
dealer  may  give  a  discount  of  20%  off  the  marked  price 
and  still  make  a  profit  of  15%  on  the  cost  price  of  the 
goods  ? 

Solution.  Here  we  have  to  find  the  relation  of  the 
marked  price  to  the  cost  price. 

Every  $1  of  cost  price  produced  a  profit  of  15%  of  cost 
price,  i.e.  every  $1  of  cost  becomes  $1.15. 
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Again  : 

100%  of  the  marked  price  =  the  marked  price. 

20%  of  the  marked  price  =  discount. 

••.  80%  of  the  marked  price  =  selling  price  =1.15  x  cost. 

^  ^    £  j.^           1    J      .         1.15  X  cost 
1%  of  the  marked  price  = — 

.-.  100%  of  the  marked  price  =  l-^^xoost  ^  ^qq 

oO 

=:1.43|C08t. 

.'.  What  originally  cost  $1  must  be  marked  $1.43|? 
.-.  What  originally  cost  $100  must  be  marked  $143|. 
.'.  The  goods  must  be  marked  43|%  above  cost. 

Note.    Per  cent  of  gain  and  per  cent  of  loss  are  always  estunated 
on  the  cost  price. 

EXERCISE  162  (Written) 

1.  A  man  sold  a  house  and  lot  for  $3835  and  gained 
thereby  18%  of  his  outlay.     What  was  his  outlay  ? 

2.  By  selling  a  piano  for  $270,  a  dealer  loses  10%. 
Find  the  cost  of  the  piano. 

3.  By  gaining  25%  of  his  capital,  a  merchant  increases 
his  capital  to  $4650.     What  was  his  original  capital  ? 

4.  If  goods  are  bought  for  $20  and  sold  for  $22.50, 
what  is  the  gain  per  cent  ? 

5.  If  the  cost  is  $48  and  the  selling  price  is  $  52,  what 
is  the  gain  per  cent  ? 

6.  If  the  cost  is  $190  and  the  selling  price  is  $152, 
what  is  the  loss  per  cent  ? 

7.  If  the  cost  is  $145  and  the  selling  price  is  $169.60, 
what  is  the  gain  per  cent  ? 

8.  If  the  cost  is  $118  and  the  selling  price  is  $128.62, 
what  is  the  gain  per  cent  ? 
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9.   If  the  selling  price  is  1106.70  and  the  gain  is  10%, 
what  is  the  cost  ? 

10.  If  the  selling  price  is  $75.25  and  the  loss  12^%, 
what  is  the  cost  ? 

11.  If  the  selling  price  of  a  rug  is  $90  and  the  gain  is 
20%,  what  is  the  cost  of  the  rug  ? 

12.  If  the  selling  price  is  $89.25  and  the  loss  is  15%, 
what  is  the  cost  ? 

13.  If  the  selling  price  is  $95  and  the  gain  is  18|%, 
wh^  is  the  cost  ?     What  is  the  profit  ? 

14.  By  selling  a  horse  for  $168,  a  man  gains  40%  of 
the  cost.     What  is  the  cost  of  the  horse  ? 

15.  By  selling  velvet  at  $4.55  a  yard,  a  clothier  makes 
a  profit  of  8|^%.     Find  the  cost  per  yard  of  the  velvet. 

16.  At  an  auction  a  dealer  buys  goods  at  20%  below 
the  market  price.  If  he  sells  these  goods  at  the  market 
price,  what  is  his  gain  per  cent  ? 

17.  A  lawyer  collects  a  debt.  He  charges  3%  for  col- 
lection, and  remits  to  his  client,  after  deducting  his  fee, 
$952.54.     Find  the  amount  of  the  debt. 

18.  If  property  was  sold  for  $11,778  at  a  loss  of  2J%, 
what  was  the  value  of  the  property  ? 

19.  Two  horses  were  sold  for  $  200  each,  one  at  a  gain 
of  20%,  and  the  other  at  a  loss  of  20%.  Did  the  seller 
gain  or  lose  by  the  transaction,  and  how  much  ? 

20.  A  sells  goods  to  B  at  a  profit  of  10%,  and  B  sells 
them  to  C  at  a  profit  of  15%.  If  C  paid  $253  for  the 
goods,  find  A's  cost  price. 

21.  A  merchant  increases  his  capital  18|%,  and  at  the 
end  of  a  second  year  he  also  increases  his  capital  18|%. 
If  his  capital  is  then $14,440,  what  was  it  at  first? 
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22.  A  merchant  begins  business  with  a  certain  capital. 
The  first  year  he  adds  26%  to  his  capital,  the  next  year 
he  adds  25%  to  the  capital  of  the  previous  year,  the  third 
year  he  loses  40%  of  his  capital,  and  is  then  worth  $  10,800. 
How  much  capital  did  he  begin  with  ? 

23.  If  it  takes  $81,415  for  the  running  expenses  of  the 
schools  of  a  city,  and  if  95%  of  the  tax  levied  for  school 
purposes  goes  to  the  support  of  the  schools,  what  should 
be  the  amount  levied  for  school  purposes  so  that  the  ex- 
penses may  be  just  met  ? 

24.  By  selling  tea  at  65  ^  per  pound  a  merchant  gained 
i  118. 75.  If  his  gain  was  62^%,  how  many  pounds  of  tea 
did  he  sell  ? 

25.  By  selling  turkeys  at  $2.50  each  a  dealer  makes  a 
profit  of  60%.  What  would  have  been  his  gain  per  cent 
had  he  sold  the  turkeys  for  $1.75  each? 

26.  By  selling  wine  at  $2.10  a  gallon,  a  merchant  makes 
a  profit  of  20%.  What  would  be  his  gain  per  cent  should 
he  sell  the  wine  for  $2  a  gallon  ? 

27.  A  merchant  mixes  tea  which  cost  him  60  ^  per  pound 
with  tea  which  cost  him  70^  per  pound  in  the  propor- 
tion of  5  lb.  of  the  former  tea-to  6  lb.  of  the  latter.  If  he 
sells  the  mixture  at  80  ^  per  pound,  find  his  gain  per  cent. 

28.  A  horse  is  sold  for  $145.50  at  a  loss  of  3%.  At 
what  price  should  the  horse  have  been  sold  so  as  to  make 
a  profit  of  10%  ? 

29.  If  oranges  are  bought  at  5  for  3^  and  sold  at  3 
for  5  ^,  what  is  the  gain  per  cent  ? 

30.  If  325  lb.  of  sugar  are  bought  for  $13,  at  what  price 
per  pound  must  it  be  sold  so  as  to  make  a  profit  of  25%  ? 

31.  If  15  yd.  of  silk  are  bought  for  $26.25,  at  what 
price  per  yard  should  it  be  sold  to  make  a  profit  of  20%  ? 
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32.  By  selling  cloth  at  the  rate  of  17J^  a  yard  a 
clothier  loses  12 J%.  What  should  the  selling  price  per 
yard  be  so  as  to  make  a  profit  of  20%  ? 

33.  A  merchant  buys  butter  at  18  ^  per  pound  and  sells 
120  lb.  for  125.20.     What  is  his  gain  per  cent  ? 

34.  A  grocer  buys  cheese  at  9  ^  per  pound  and  sells  i^ 
at  the  rate  of  8  lb.  for  f  1.     What  is  his  gain  per  cent  ? 

35.  A  merchant  mixes  two  kinds  of  tea  in  the  ratio  5  :  2. 
If  the  teaB  are  worth  respectively  68^  and  7df  per  pound, 
what  should  be  the  selling  price  per  pound  so  as  to  make 
a  profit  of  20%  ? 

36.  If  I  buy  a  horse  for  $80  and  sell  him  for  §71,  what 
is  the  loss  per  cent  ? 

37.  By  selling  a  horse  for  183.30  I  lost  16%.  What 
did  the  horse  cost  ? 

38.  Two  men,  A  and  B,  buy  two  horses,  each  paying  the 
same  price.  A  sells  his  horse  for  $90  at  a  loss  of  14^%. 
B  sells  his  horse  at  a  loss  of  6%.  Find  the  selling  price 
of  B's  horse. 

39.  A  merchant  buys  70  yd.  of  cloth  at  50  ^  a  yd.  and 
sells  it  at  a  gain  of  15%.  He  buys  also  70  yd.  of  silk  at 
90^  a  yard.  On  both  he  gains  10%.  At  what  price  per 
yard  does  he  sell  the  silk  ? 

40.  I  buy  a  quantity  of  barley  and  intrust  it  to  an 
agent  to  sell.  The  agent  sells  it  at  an  advance  of  25% 
on  the  cost,  and  after  deducting  a  commission  of  2%  he 
remits  the  balance,  $539.  How  much  did  the  barley 
cost  me? 

41.  A  fruit  dealer  buys  a  crate  of  oranges  for  $2.50 
He  sells  them  at  2^  each,  making  a  profit  of  60%.     How 
many  oranges  are  in  the  crate  ? 
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42.  If  a  merchant  buys  goods  at  25%  below  the  retail 
price  and  sells  them  at  the  retail  price,  what  is  his  gain 
per  cent  ? 

43.  A  coal  dealer  buys  120  T.  of  coal  at  $4  a  ton. 
He  sells  J  of  the  coal  at  an  advance  of  25%,  J  of  it  at  an 
advance  of  50%,  and  the  remainder  at  an  advance  of  10%. 
Find  his  entire  profit  and  his  gain  per  cent  on  the  coal. 

44.  A  man  buys  120  acres  of  land  at  $15  an  acre.  An 
agent  sells  the  land  and  remits  $2850,  after  deducting  5% 
of  the  selling  price.  At  what  per  cent  above  the  original 
cost  did  the  agent  sell  the  land  ? 

45.  (a)  How  should  goods  be  marked  so  as  to  make  a 
profit  of  12%  after  deducting  20%  from  the  marked  price  ? 

(6)  How  should  they  be  marked  so  as  to  make  a  profit 
of  17%  after  deducting  10%  from  the  marked  price? 

(c)  How  should  they  be  marked  so  as  to  make  a  profit 
of  20%  after  deducting  26%  from  the  marked  price  ? 

((£)  How  should  they  be  marked  so  as  to  make  a  profit 
of  10%  after  deducting  10%  from  the  marked  price  ? 

(e)  By  taking  30%  off  the  marked  price  a  merchant 
neither  gains  nor  loses.     How  were  the  goods  marked  ? 

46.  A  discount  of  20%  in  price  of  tea  at  75^  per  pound 
enables  me  to  buy  4  lb.  more  for  my  money  than  I  could 
formerly  have  bought  for  $7.50.  How  much  money 
have  I  ? 

47.  A  merchant  marks  his  goods  at  15%  above  cost.  If 
he  gives,  in  a  bill  amounting  to  $57.50,  a  discount  of 
$1.50,  what  per  cent  of  profit  does  he  make  ? 

48.  If  32  lb.  of  sugar  are  sold  for  what  86  lb.  of  sugar 
cost,  what  is  the  gain  per  cent  ? 
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REVIEW  QUESTIONS 

1.  What  is  meant  by  the  words  per  cent?  What  is  the 
meaning  of  rate  per  cent  f  of  rate  f 

2.  Express  each  of  the  following  fractions  as  a  rate  per 
cent :  J,  \,  \,  \,  J,  f  \,  \,  ^^^  i^- 

3.  What  fraction  of  a  number  is  16|%  of  the  number? 
2^%  of  the  number?  66f%  of  the  number?  25%  of  the 
number?  76%  of  the  number?  80%  of  the  number? 

4.  What. fraction  of  a  number  is  3^%  of  the  number? 
6%  of  the  number?  6|%  of  the  number? 

5.  What  fraction  of  a  number  is  126%  of  the  number  ? 
150%  of  the  number  ?  225%  of  the  number  ?  460%  of  the 
number?  380%  of  the  number?  166|%  of  the  number? 
133^%  of  the  number  ?  116f %  of  the  number?  119^%  of 
the  number  ? 

6.  Is  there  a  greatest  possible  gain  per  cent  ? 

7.  Is  there  a  greatest  possible  loss  per  cent?  If  so, 
what  is  it? 

8.  If  you  found  an  ax  on  a  road  and  sold  it  immedi- 
ately for  $  1,  what  would  be  the  gain  per  cent  ? 

9.  If  you  had  a  25  ^  piece  and  lost  it,  what  would  be 
the  loss  per  cent  ? 

10.  If  the  cost  price  and  the  rate  per  cent  of  gain  were 
given  you,  how  would  you  find  the  gain  ? 

11.  If  the  cost  price  and  the  loss  per  cent  are  given, 
how  do  you  find  the  actual  loss  ? 

12.  If  I  should  give  you  the  loss  and  the  loss  per  cent, 
how  would  you  find  the  cost  price  ? 

13.  If  you  are  given  the  gain  and  the  gain  per  cent,  how 
do  you  find  the  cost  ? 
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14.  If  I  give  you  84%  of  a  number,  how  do  you  find 
95%  of  the  number  ? 

15.  If  I  give  you  120%  of  a  number,  how  do  you  find 
the  number  ? 

16.  If  you  are  given  75%  of  a  number,  how  do  you  find 
the  number  ? 

17.  If  I  give  you  the  cost  price  of  an  article,  and  the 
gain  on  the  article,  how  do  you  find  the  gain  per  cent  ? 

18.  If  I  give  you  the  cost  price  and  the  loss,  how  do 
you  find  the  loss  per  cent  ? 

19.  If  the  selling  price  of  an  article  is  given  and  also 
the  gain  per  cent,  how  do  you  find  the  cost  of  the  article? 

20.  If  the  selling  price  of  an  article  and  the  loss  per 
cent  are  given,  how  do  you  find  the  cost  price  of  the 
article  ? 

21.  How  would  you  find  the  selling  price,  if  the  cost 
price  and  the  gain  per  cent  were  given  ? 

22.  How  would  you  find  the  selling  price,  if  the  cost 
price  and  the  loss  per  cent  were  given  ? 

23.  If  I  give  you  the  rate  per  cent,  how  do  you  find 
the  rate  per  thousand  ? 

24.  In  a  mortuary  report,  if  the  rate  of  deaths  per  thou- 
sand is  30,  what  is  the  rate  per  cent  ? 

25.  The  school  tax  in  a  certain  city  is  50^  on  the  f  100. 
Express  this  rate  of  taxation  as  a  rate  per  cent.  What  is 
this  rate  on  the  basis  of  $  1  ? 

26.  If  the  rate  of  insurance  on  the  life  of  a  person  is 
#31  per  11000,  what  is  the  rate  per  cent  of  insurance  ? 

27.  If  the  rate  per  cent  charged  for  insuring  property 
is  IJ,  what  is  the  rate  per  $1000  ? 
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28.  On  what  is  the  rate  per  cent  of  profit  or  of  loss 
always  estimated  ? 

29.  What  is  meant  by  profit  ?     What  is  meant  by  loss  ? 

COMMERCIAL  DISCOUNTS 

286.  Commeroial  or  trade  diBcoimt  is  an  allowance  made 
upon  the  list  price  of  goods,  or  on  the  amount  of  a  bill. 

Discounts  are  reckoned  upon  the  basis  of  100 ;  in  other 
words,  as  so  many  per  cent. 

In  some  cases  several  discounts  are  allowed.  If  there 
are  two  or  more  discounts,  the  first  is  reckoned  on  the  list 
or  catalogue  price ;  the  next  is  reckoned  on  the  remainder 
after  deducting  the  first  discount ;  the  third  is  reckoned 
on  the  second  remainder ;  and  so  on. 

Example  1.     If  watches  are  listed  at  $35  each  and  a 
discount  of  10  %  is  allowed,  what  is  the  cost  of  one  of  the 
watches  ? 
Solution.     10  %  of  $35  x=  $3.60  =  the  discount- 
$35 -$3.50  =  $31.50. 
.-.  The  cost  is  $31.50. 

Example  2.  What  is  the  cost  of  goods  to  a  purchaser, 
if  the  list  price  is  $750  and  discounts  of  20%,  15%,  and 
10  %  are  allowed  ? 

Solution.  First  discount  =  20  %  of  $750  =  ^  of  $750 
=  $150. 

.-.  The  first  remainder  =  $750  -  $150  =  $600. 

The  second  discount  =  15  %  of  $600  =  $90. 
$600 -$90  =  $510. 

.'.  The  second  remainder  =  $510. 

The  third  discount  =  10  %  of  $510  =  $51. 
$510 -$51  =  $459. 

.-.  The  cost  to  the  purchaser  is  $459. 
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A  little  consideration  will  enable  us  to  solve  the  above 
examples  in  another  way. 

A  discount  of  lOjfe  is  equivalent  to  a  discount  of  10^  on 
the  dollar.  If  10^  is  allowed  on  every  dollar,  then  90^  is 
paid  on  every  dollar.  In  other  words,  .9  of  the  list  price 
is  paid. 

.•.  In  Example  1  the  cost  price  of  the  watch  :=  .9  of 
$35  =  131.50. 

In  Example  2  the  first  remainder  =  .8  of  $150. 

The  second  remainder  =  .85  of  first  remainder. 

.'.  The  second  remainder  =  .85  of  .8  of  $750. 

Similarly,  the  third  remainder  =  .9  of  .85  of  .8  of  $750. 

.-.  The  third  remainder  =  .9  x  .85  x  .8  x  $750  =  $469. 

Since  the  order  in  which  we  multiply  factors  is  imma- 
terial, therefore  the  order  in  which  we  reckon  commercial 
discounts  is  also  immaterial. 

Example  3.  If  goods  are  listed  at  $1200  and  discounts 
of  2056,  lOjfe,  5^  are  allowed,  find  the  cost  price  and  the 
single  discount  equivalent  to  the  three  discounts. 

Solution.  The  cost  of  the  goods  =  1200  x  .8  x  .9  x 
.95  =  $820.80. 

.-.  The  total  discount  =  $1200  -  $820.80  =  $379.20. 

On  $1200  the  discount  =  $379.20. 

.-.  On  $1  the  discount  =  ^f?^- 

1200 

.-.  On  $100  the  discount  =  ^^^^  x  100  =  $31.60. 
.'.  The  single  discount  is  31.6^. 

Another  Method 

On  every  dollar  of  list  price  there  is  paid  .8  x  .9  x  .95 
of  $1  =  $. 684. 
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.*.  On  every  dollar  of  list  price  there  is  a  discount  of 
$l-f.684  =  i;.316. 

.'.  On  every  tlOO  of  list  price  there  is  a  discount  of 
$31.60. 

.•.  The  single  rate  of  discount  =  31.69b. 

EXERCISE  163  (Oral) 

1.  What  is  paid  for  goods  if  the  list  price  is  $40  and  a 
discount  of  20^6  is  given  ? 

2.  Find  the  cost,  when  the  list  price  is  $85  and  the  dis- 
count is  26  9B. 

3.  Find  the  cost,  when  the  list  price  is  $120  and  the 
discount  is  15^6. 

4.  Find  the  cost,  if  the  list  price  is  $150  and  the  dis- 
count is  10  9B. 

5.  Find  the  cost,  if  the  list  price  is  $270  and  the  dis- 
count is  33J%, 

6.  Find  the  cost,  if  the  list  price  is  $140  and  the  dis- 
count is  25  9B. 

7.  Find  the  cost,  if  the  list  price  is  $350  and  the 
discount  is  20^. 

8.  Find  the  cost,  if  the  list  price  is  $1000  and  the  dis- 
count is  18^. 

EXERCISE  164  (Written) 

1.  A  suit  of  clothes  is  marked  $70,  and  is  sold  with 
discounts  of  25^6  and  10  ^b  for  cash.  Find  the  selling 
price. 

2.  On  a  bill  of  $900  two  discounts  of  20^6  and  15^ 
are  allowed.  What  is  the  net  amount  of  the  bill  ?  What 
single  discount  would  be  equivalent  to  the  two  discounts  ? 

3.  If  goods  are  marked  $175  and  sold  for  $122.50, 
what  is  the  discount? 
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4.  On  a  bill  of  $1500  discounts  of  25^,  159b,  and  6^ 
are  allowed.     Find -the  net  cash  amount  of  the  bill. 

5.  A  piano  is  listed  at  $450,  with  discounts  of  209b, 
12^56,  and  10^.     Find  the  cost  price  to  the  purchaser. 

6.  Find  the  cash  value  of  a  bill  of  1320  with  discounts 
of  15^,  109b,  and  59b. 

7.  Suppose  you  were  offered  a  single  discount  of  455^, 
or  two  discounts  of  30^6  and  20^,  which  would  you  take  ? 
What  would  be  the  difference  in  a  bill  of  11000  ? 

8.  A  dealer  buys  a  quantity  of  goods  marked  $550, 
with  a  discount  of  20^.  If  he  sells  the  goods  at  Gjfe  above 
the  marked  price,  what  is  his  gain  per  cent  ? 

9.  If  I  buy  goods  listed  at  $150,  with  a  discount  of 
10^,  and  sell  them  at  129b  above  the  marked  price,  find 
my  gain  per  cent. 

10.  A  bookseller  buys  100  books  marked  $1.50  each,  at 
a  discount  of  209b  and  sells  them  at  the  marked  price. 
What  is  his  gain  per  cent  ? 

11.  A  bookseller  bought  100  books  at  $1.25  each.  He 
make  a  profit  of  20^  after  giving  a  discount  ot  ^,  At 
what  price  did  he  mark  each  book,  and  what  was  his  profit  ? 

12.  Find  the  cost  price  in  each  case,  if  the  list  price  and 
the  rates  of  discount  are  as  follows : 


List  Pbicb 

Discounts 

(a) 

*480 

209b,  80^,  lOJfc 

(J) 

$1000 

409fc,  5^,  4jfc 

(«) 

f775 

25^,  i 

id) 

$880 

12^%  ^f 

(«) 

$720 

i,16?b 

(/) 

$960 

12i9&,  12jfc 

(^) 

$1200 

\o%  %%  r,')b 

(A) 

$1760 

25jb,12^^16fjfc 
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13.  Find  the  per  cent  of  profit  made  by  a  merchant 
who  buys  goods  at  discounts  of  20  %,  10  %,  and  sells  them 
at  the  marked  price. 

14.  If  the  discounts  are  20%  and  12^%  and  a  man  sells 
goods  marked  $1000  at  2%  above  the  marked  price,  what 
are  his  profit  and  rate  per  cent  of  gain  ? 

287.  Olven  coat  price  and  the  discoimts  to  find  the  list 
price. 

Example  1.  If  the  cost  price  is  1 840  and  the  discount  is 
20%,  what  is  the  list  price? 

Solution  : 
List  price  —  20%  of  the  list  price  =  80%  of  the  list  price. 
%  of  the  list  price  =  $840. 
$840 


1%  of  the  list  price  =  • 


80 


fo  of  the  list  price  =  ^|^  x  100  =  $1060. 

Or, 

.80  X  list  price  =  1840. 

.-.  List  price  =  ^^  =  $  1060. 

•  O 

Example  2.   If  the  cost  is  $1323  and  the  discounts  are 
25%,  12J%,  10%,  find  the  list  price. 
Solution  : 

.76  of  .87 J  of  .90  of  list  price  =  $1323. 
.-.  .75  X  .87^  X  .9  X  list  price  =  $1323. 

Now  .75  X  .87  J  x.  9  =  some  number. 
.'.  We  have  some  known  number  multiplied  by  the  list 
price,  and  we  know  the  product. 

.-.  List  price  =  $1323  -^  (.75  x  87J  x  .9)  =  $1323  -*-  (f  x 
J  X  3^)  =  $1323  +  H *  =  *1323  X  11^  =  $2240. 
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15.   Find  the  list  price  in  each  cajse,  if  the  cost  prices 
and  rates  of  discount  are  as  follows  : 

Cost  Digcotmrs 

(a)     $441  20%,12J%,  10% 

(6)     $3528  10%,  20%,  30% 

((?)     $2244  15%,  12% 


((?)  $4845  i%,  33J% 

(0  $2665  43%,  10% 

(/)  $1344  30%,  20%,  20% 

O)  $2736  20%,  10%,  5% 

(A)  $1782  46%,  45% 

COMMISSION  AND  BROKERAGE 

288.  A  very  large  proportion  of  the  buying  and  selling 
of  the  produce  of  the  country  is  done  through  commission 
merchants  and  brokers.  A  commission  merchant  is  usually 
intrusted  with  the  goods  bought  or  sold.  A  broker  merely 
buys  and  sells.  Brokers  usually  deal  in  stocks,  bills  of 
exchange,  and  other  negotiable  paper. 

The  fee  which  a  commission  merchant  charges  for  his 
services,  or  which  an  agent  who  buys  and  sells  land,  or, 
collects  rents,  charges,  is  called  a  commisBioii.  The  fee 
which  a  broker  charges  is  called  brokerage. 

Commission  and  brokerage  are  sometimes  reckoned  as  a 
rate  per  cent  of  the  buying  price  when  goods  or  other 
commodities  are  bought,  or  of  the  selling  price  when  they 
are  sold. 

As  a  general  rule  a  specified  sum  is  charged  for  a  trans- 
action. Thus,  if  a  bale  of  cotton  or  a  bushel  of  wheat  is 
sold,  the  fee  is  more  likely  to  be  a  fixed  sum  than  a  rate 
per  cent  of  the  selling  price. 
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The  person  who  employs  another  person  to  buy,  to  sell, 
or  to  collect  money  is  called  a  principal.  The  person  who 
transacts  business  for  a  principal  is  called  an  agent.  Com- 
mission merchants  and  brokers  act  in  the  capacity  of 
agents. 

289.   Example  l.   A  commission  merchant  sold  400  boxes 
of  oranges  at  $2.75  per  box,  charging  6%  commission. 
What  was  his  commission,  and  how  much  did  he  remit  ? 
Solution  : 

400  boxes  of  oranges  @  $2.75  =  $1100. 
5%  of  $1100  =  $55,  the  commission. 
$1100  -  $55  =  $1045,  amount  remitted. 

Example  2.  A  commission  merchant  sells  4500  bu.  of 
wheat,  charging  2J%  commission.  If  his  commission  is 
$94.50,  what  is  the  price  of  wheat  per  bushel,  and  how 
much  does  the  priiicipal  receive  ? 

Solution  : 

2^  of  the  selling  price  =  $94.50. 

AM     t^x.       ir  •  $94.50 

1%  of  the  selling  price  =  — — — 

.-.  100%  of  the  selling  price  =  ^^^  x  100  =  $3780. 

The  selling  price  of  4500  bu.  =  $3780. 

.-.  The  selling  price  of  1  bu.  =  =  $.84. 

The  amount  remitted  =  $3780  -  $94.50  =  $3685.50. 
Or  proceed  thus : 


^  of  the  selling  price  =  $94.50. 
.••  The  selling  price  =  $8780. 
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Example  3.  A  real  estate  agent  remits  to  his  principal 
i 9788. 75,  being  the  amount  of  the  sales  of  four  city  lots 
after  deducting  a  commission  of  4|%.  Find  the  selling 
price  of  the  four  lots  and  the  agent's  commission. 

Solution.  The  selling  price  — 4|%  of  the  selling 
price  =  95  J  %  of  the  selling  price. 

95-1  %  of  the  selling  price  =  *  9788. 76. 

$9788.75 


1  %  of  the  selling  price  = 


95^ 


.-.  100%  of  the  selling  price  =  ^^^^|f^  x  100  =  f  10,250. 

9oJ 

.-.  $10,250  -  $9788.75  =  $461.25,  the  commission. 

EXERCISE  165  (Written) 

1.  What  is  the  commission  for  selling  $200  A.  of  land 
at  $40  an  acre,  the  rate  of  commission  being  4%  ? 

2.  An  agent  charges  6%  for  selling  real  estate.  If  he 
sells  350  A.  of  land  at  $50  an  acre,  find  his  commission 
and  the  sum  he  remits  to  his  principal.  What  per  cent  of 
the  selling  price  does  the  principal  receive  ? 

3.  If  200  boxes  of  oranges  are  sold  at  $3.75  a  box  by  a 
commission  merchant  who  charges  6%,  what  is  the  com- 
mission ?     How  mutjh  is  remitted  to  the  principal  ? 

4.  If  800  bu.  of  wheat  are  sold  on  a  commission  oi  \^ 
per  bushel,  what  is  the  commission  ? 

5.  How  many  bushels  of  barley  at  45^  per  bushel 
must  a  commission  merchant  sell  at  2|%  commission  to 
make  an  annual  salary  of  $1080  ? 

6.  If  480  bbl.  of  flour  at  $3.90  a  barrel  are  sold  on 
commission  at  a  rate  of  3^^,  find  the  commission.  What 
is  the  net  amount  realized  from  the  sale  ? 
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7.  A  broker  sells  2500  lb.  of  beef  at  12  f^  a  pound. 
What  is  his  brokerage  at  1J%  ? 

8.  Thirty-six  hundred  gallons  of  oil  are  sold  by  a 
broker  at  45/^  per  gallon.  If  he  charges  3}%  brokerage, 
find  his  brokerage  and  the  amount  remitted. 

9.  A  commission  merchant  sells  1500  T.  of  hay  at 
$15  per  ton,  and  charges  5%  commission.  Find  his  com- 
mission. How  much  does  he  remit  ?  What  per  cent  of 
the  selling  price  does  he  remit  ? 

10.  A  coal  dealer  receives  a  commission  of  90^  a  ton 
for  selling  anthracite  coal,  and  80^  a  ton  for  selling  bitu- 
minous coal.  If  he  sells  an  equal  quantity  of  each  kind 
of  coal,  and  if  his  entire  commission  is  $1530,  how  many 
tons  of  each  kind  does  he  sell  ? 

11.  A  broker  charges  35^  for  selling  a  bale  of  cotton. 
How  many  bales  must  he  sell  to  realize  for  himself 
$295.40?  If  a  bale  contains  500  lb.,  and  the  brokerage 
is  equivalent  to  |%,  find  the  price  of  cotton  per  pound. 

12.  A  commission  merchant  sells  1200  doz.  eggs  at  18? 
per  dozen.     Find  his  commission  at  8%. 

13.  If  a  commission  of  $70.98  is  paid  for  buying  40 
A.  of  land  at  $54.60  an  acre,  what  is  the  rate  per  cent 
of  commission  ? 

14.  If  $284  is  received  for  selling  grain  on  a  commission 
of  1^  per  bushel,  how  many  bushels  of  grain  were  sold  ? 

15.  If  an  agent  charges  3%  for  collecting  debts,  and  in 
one  month  his  commission  from  this  source  is  $126,  what 
is  the  amount  collected  ? 

16.  A  real  estate  agent's  commission  at  4:^%  is  $351. 
Find  the  amount  of  his  sales  and  the  amount  he  remits  to 
his  principal. 


REVIEW   QUESTIONS  841 

17.  A  broker  buys  10,000  bu.  of  wheat  at  79^^,  and 
sells  the  wheat  the  next  day  at  79|^,  charging  |^^  a  bushel 
for  buying  and  ^^  for  selling.     Find  his  commission. 

18.  An  agent  remits  to  his  principal  $9184.60  as  the 
net  proceeds  from  the  sale  of  12,000  bu.  of  wheat.  Find 
the  agent's  commission  if  he  charges  at  the  rate  of  2^%. 
Find  also  the  selling  price  of  wheat  per  bushel. 

19.  After  deducting  a  commission  of  8%,  an  agent 
remits  $1818.90  from  the  sale  of  oats  at  46|^  per  bushel. 
How  many  bushels  of  oats  were  sold  ? 

20.  When  the  market  price  of  pork  is  13.6^  per  lb., 
how  many  pounds  can  be  bought  for  1520.20,  if  2%  is 
charged  for  brokerage  ? 

21.  How  many  acres  of  land  can  be  bought  for  $4685 
at  $30  an  acre,  by  a  real  estate  agent  who  charges  a  com- 
mission of  8%  ? 

REVIEW  QUESTIONS 

1.  What  is  commission  ?     What  is  brokerage  ? 

2.  What  is  the  meaning  of  the  terms,  agents  broker^ 
principal  f 

3.  When  an  agent  sells  property  at  a  rate  per  cent, 
how  does  he  calculate  his  commission  ? 

4.  If  an  agent  buys  goods  at  a  rate  per  cent,  how  does 
he  find  his  commission  ? 

5.  If  a  broker  sells  grain  and  charges  a  fraction  of  a 
cent  a  bushel  for  selling,  how  is  his  commission  calculated? 

6.  If  a  broker  buys  grain  and  charges  so  much  a 
bushel,  how  do  you  find  the  number  of  bushels  that  can 
be  bought  for  a  sum  of  money  ? 
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7.  If  you  were  given  the  commission  and  the  rate 
per  cent  of  commission,  how  would  you  find  the  amount 
of  sales?  How  would  you  find  the  total  remittance  for 
these  sales  ? 

8.  If  you  were  given  the  remittance  for  a  sale  and 
the  rate  per  cent  of  commission,  how  would  you  determine 
the  amount  of  the  sale  ? 

9.  If  you  shipped  to  a  commission  merchant  a  number 
of  barrels  of  apples,  and  a  month  later  he  sold  them  and 
sent  you  the  proceeds  after  deducting  his  commission  of 
4%,  how  would  you  determine  from  these  data  the  price 
your  apples  brought  in  the  market  ? 

10.  Which  usually  receives  the  greater  commission,  a 
commission  merchant  or  a  broker?  Give  a  reason  for 
your  answer. 


CHAPTER  XVII 

INTEREST 

290.  Interest  is  the  price  paid  for  the  use  of  money. 
The  sum  loaned  is  called  the  principal. 

Interest  is  always  reckoned  as  a  rate  per  cent  of  the 
principal.  The  rate  per  cent  is  for  1  year,  unless  some- 
thing to  the  contrary  is  expressly  stated. 

The  amount  is  the  sum  of  the  principal  and  the  interest. 

In  the  commercial  world,  a  month  is  reckoned  as 
30  da. 

Bankers  and  others  who  make  a  business  of  lending 
money  find  the  interest  by  means  of  tables.  These 
tables  are  generally  made  out  on  the  basis  of  30  days  to  a 
month. 

In  reckoning  interest  for  periods  less  than  1  year,  the 
exact  number  of  days  between  the  dates  of  lending  and 
paying  is  now  generally  made  use  of.  Those  who  do  not 
make  use  of  interest  tables  reckon  the  time  between  dates 
in  the  manner  explained  in  §  196. 

291.  Example,  Find  the  interest  on  $780  for  1  yr. 
2  mo.  10  da.  at  If. 

Solution.     1  yr.  2  mo.  10  da.  =  1^^  yr.  =  1^  yr. 
$780  X  .07  =  int.  fori  yr. 
$780  X  .07  X  ff  =  int.  for  1^^  yr. 
$7_80x.07x43^^eg^^    ^n.. 
oo 

343 
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292.  A  concrete  quantity  which  is  contained  an  exact 
number  of  times  in  another  concrete  quantity  is  called  an 
aliquot  part  of  that  quantity. 

Thus,  2 J  yd.  is  an  aliquot  part  of  10  yd.;  $2.75  is  an 
aliquot  part  of  $11. 

Example.     Find  the  interest  on  $780  for  1  yr.  2  mo. 
10  da.  at  1% 
Solution  by  Aliquot  Parts  : 

$780 

m 

$64.60  =  int.  for  1  yr. 
2  mo.  =  J  of  1  yr.  9.10  =  int.  for  2  mo. 
10  da.  =  i  of  2  mo.     1.52  =  int.  for  10  da. 

$65.22  =  int.  for    1  yr.  2  mo.  10  da. 

Both  the  above  methods  are  natural  methods  of  solu- 
tion. There  are  various  artificial  methods  of  solving 
interest  problems.  These,  as  a  general  rule,  possess  no 
great  advantage  over  the  two  methods  illustrated.  Later 
we  shall  refer  to  special  methods  of  solution.  For  the 
present,  practice  in  the  methods  shown  is  most  essential. 

EXERCISE  166  (Written) 
Find  the  interest  on : 

1.  $600  for  1  yr.  at  4^6;  for  1  yr.  at  5^6;  for  1  yr.  at 
6^;  forlyr.  at  8^. 

2.  $850  for  1  yr.  at  lf\  for  1  yr.  at  89b;  for  1  yr. 
at  9^. 

3.  $950  for  1  yr.  at  3^;  for  1  yr.  at  A^f-,  for  1  yr. 
at  8^6. 

4.  $982  for  2  yr.  at  4^;  for  3  yr.  at  bfo\  for  1  yr. 
6  mo.  at  69f). 
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5.  $1000  for  1  yr.  8  mo.  at  69b ;  for  1  yr.  6  mo.  at  656. 

6.  $1200  for  1  yr.  4  mo.  at  8^ ;  for  1  yr.  5  mo.  at  7^. 

7.  $1500  for  1  yr.  7  mo.  at  9^ ;  for  1  yr.  8  mo.  at  856. 

8.  $1600  for  2  yr.  3  mo.  at  5^ ;  for  1  yr.  7  mo.  at  656. 

9.  $2000  for  1  yr.  6  mo.  at  4^ ;  fo^  1  yr.  9  mo.  at  69b. 
10.  $3500  for  10  mo.  at  T^ ;  for  7  mo.  at  8^. 

11.  $156.40  for  1  yr.  at  4J9b. 

12.  $185.50  for  1  yr.  at  ^^. 

13.  $375.60  for  5  mo.  at  6^. 

14.  $928.40  for  2  mo.  at  89b. 

15.  $735.60  for  3  mo.  at  7^. 

16.  $1200  for  2  mo.  at  8Jb. 

17.  $1350.50  for  5  mo.  at  5^. 

18.  $393.80  for  7  mo.  at  4^. 

19.  $385.40  for  8  mo.  at  5^. 

20.  $934.54for  9mo.  at89b. 

21.  $2713.64  for  10  mo.  at  9Jb. 

22.  $3800  for  11  mo.  at  7^6. 

23.  $2825  for  10  mo.  at  7jb. 

24.  $2700  for  1  yr.  1  mo.  at  6^. 

25.  $3280  for  1  yr.  3  mo.  at  5^. 

26.  $4500  for  8  mo.  15  da.  at  69b. 

27.  $329.50  for  7  mo.  10  da.  at  89b. 

28.  $982  for  9  mo.  18  da.  at  6^. 

29.  $545  for  10  mo.  25  da.  at  8^. 

30.  $775.24  for  11  mo.  24  da.  at  7^. 
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293.  Example.      Find  the  interest  on  $384.42  from 
Jan.  11,  1903,  to  April  30, 1903,  at  l<fa. 

Solution.     Step  1.   Find  the  number  of  days. 

In  January  there  are  20  da.  after  Jan.  11. 
In  February  there  are  28  da. 
In  March  there  are     31  da. 
In  April  there  are    _30  da. 

Total    109  da.        109  da.  =  \^  of  1  yr. 

Step  2.    Multiply  the  principal  by  the  rate,  and  that  prod- 
uct by  the  number  denoting  the  time  expressed  in  years. 
*  192.21 


$^.^  X  .07  xi^  = 


109     *  19.221  X  .07  X  109 


18 


=  1(8.16.  An* 


180 


f  19. 221 

109 

172989 

19221 

$2095.089 

.07 


$146.65623 


24.44 


8.15 


Solution  by  Aliquot  Parts.    109  da.  =  3  mo.  19  da. 

$384.42 
.07 


3  mo.  =  ^  of    1  yr. 

15  da.  =  ^  of    3  mo. 

3  da.  =\  of  15  da. 

1  da.  =  4  of    3  da. 


$26.9094  =  int.  for    1  yr. 

6.727  =  int.  for   3  mo. 

1.121  =  int.  for  16  da. 

.224  =  int.  for   3  da. 

.075  =  int.  for   1  da. 

$8,147  =  int.  for    3  mo.  19  da. 

$8.16. 
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EXERCISE  167  (Written) 
Find  the  interest  on : 

1.  $450  from  Jan.  12  to  April  18  at  69b. 

2.  1783  from  Feb.  14  to  April  24  at  89b. 

3.  $2386  from  Mar.  6  to  Nov.  11  at  6^. 

4.  $3950  from  July  4  to  Dec.  6  at  69b. 

5.  $4280  from  Aug.  31  to  Nov.  18  at  8% 

6.  $7335  from  July  5  to  Sept.  14  at  7^. 

7.  $3280  from  Jan.  8  to  July  5  at  49b. 

8.  $4592.40  from  Jan.  10  to  May  4  at  3^. 

9.  $384.75  from  Mar.  10  to  Aug.  14  at  10^. 
10.  $327.50  from  April  6  to  July  3  at  99b. 

EXERCISE  168  (Written) 

1.  Find  the  amount  of  $800  for  1  yr.  2  mo.  15  da.  at  4^.  • 
Hint.    Find  the  interest  and  add  it  to  the  principal. 

2.  Find  the  amount  of  $580  for  3  yr.  3  mo.  at  69b. 

3.  Find  the  amount  of  $750  for  10  mo.  15  da.  at  89b. 

4.  Find  the  amount  of  $327.60  for  11  mo.  12  da.  at 
9%. 

5.  Find  the  amount  of  $  326.54  for  8  mo.  8  da.  at  5% 

6.  Find  the  amount  of  $  739.90  for  5  mo.  11  da.  at  i^. 

7.  Find  the  amount  of  $843.90  for  6  mo.  14  da.  at  8^. 

8.  Find  the -amount  of  $325  for  9  mo.  12  da.  at  4J^. 

9.  Find  the  amount  of  $982  for  8  mo.  16  da.  at  5^. 

10.  Find  the  amount  of  $375  for  7  mo.  14  da.  at  69b. 

11.  Find  the  amount  of  $1280  from  Jan.  10  to  July  14 
at  8^. 

12.  Find  the  amount  of  $3580  from  Jan.  14  to  Aug.  18 
at  8^. 
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13.  Find  the  amount  of  $  1500  from  March  11  to  July 
19  at  6%. 

14.  Find  the  amount  of  $4350  from  Aug.  14  to  Dec. 
17  at  7%. 

15.  Find  the  amount  of  $1200  from  Jan.  1  to  July  8  at 

EXACT  INTEREST 

294.  Interest  reckoned  on  the  basis  of  365  days  to  the 
year  is  called  exact  interest.  Exact  interest  is  used  by  the 
United  States  Goyernment  and  sometimes  in  business 
transactions. 

Example.  Find  the  exact  interest  on  $2384.50  from 
Jan.  12  to  July  5  at  5%. 

Solution.  From  Jan.  12  to  July  5  there  are  (19  +  28 
+  31  +  30  +  31  +  30  +  5)  days  =  174  days. 

$2384.50  X  .05  X  JJI  =  exact  interest. 
$2384.50  X. 05x174 


365 


=  $  56.84,  nearly. 


EXERCISE  169  (Written) 
Find  the  exact  interest  on : 

1.  $913  from  Jan.  4  to  Feb.  4  at  5%. 

2.  $731.11  from  Jan.  14  to  Jan.  28  at  7%. 

3.  $52.50  from  Jan.  1  to  April  28  at  7%. 

4.  $2745  from  Feb.  1  to  April  6  at  5%. 

5.  $1096.80  from  March  6  to  June  7  at  5%. 

6.  $1911.17  from  March  1  to  May  11  at  1%. 

7.  $1464.98  from  Jan.  4  to  May  30  at  6%. 

8.  $10,565.65  from  May  13  to  June  25  at  4%. 

9.  $884  from  Feb.  5  to  July  12  at  11%. 
10.  $3561.50  for  81  da.  at  5%. 
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PROMISSORY  NOTES 

295.  A  written  promise  by  one  person  to  pay  another 
person  on  demand,  or  after  a  specified  time,  a  sum  of 
money  is  called  a  promissory  note. 

The  following  are  promissory  notes  written  in  standard 
form: 


fd6 
the 
at.. 

Galveston,  Texas,  ?na.iiA  7,  1903. 

^OxXAf  cLoAfQ,  a/^ta^  dat&  J  proirdse  to  pay  to 

order  of^ fcime^  ??ta<yu& 

Sk>v&&  kwndA^  eAxfht^f^ j^  Dollars 

t/L&  SinjoX/  cA^atixyyuit  Bcn/ytJo ' 

Valijie  received,  waXA  vnteA^ooZ  at  6  %. 

J^o. 

20.    moAf  6M,  /^oa. 

Dallas,  Texas,  THoa^A.  ¥-,  1903. 
f^7^.25 

6fv  demxmd  J  promise  to  pay  to  the  order  of 

foh^  (X/yuieAA/(yyv 

^<yuA,  hA4mcJlA^  A^eAf-e/yiZif-pntA, ^Dollars 

at tA.&  (^vvat  cAatCcyytaZ  Banfo 

Value  received,  wWv  vnteA^eot  at  /%. 

J^o.  8^.     Due 


The  first  of  the  above  promissory  notes  is  called  a  time 
note;  the  second  is  called  a  demand  note. 
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The  person  who  promises  to  pay  is  called  the  maker. 
John  Mosley  is  the  maker  of  the  first  note  above. 

The  person  to  whom  the  money  is  to  be  paid  is  called 
the  payee.  The  person  who  has  legal  possession  of  a  note 
is  called  its  holder. 

The  sum  specified  in  a  note  is  called  its  face.  ^  A  time 
note  is  legally  due  on  the  date  indicated.  In  some  states 
3  days  more  than  are  indicated  in  the  note  are  allowed 
before  the  note  is  legally  due.  These  days  are  called 
days  of  grace.  The  day  on  which  a  note  is  legally  due  is 
ealled  the  day  of  maturity. 

A  note  made  payable  to  the  order  of  a  person,  or  a  note 
made  payable  to  the  bearer  is  negotiable,  i.e.  it  may  be 
transferred  from  one  person  to  another  person. 

A  note  made  payable  to  the  payee  only  is  non-negotiable. 

When  a  note  payable  to  the  order  of  the  payee  is  trans- 
ferred, every  holder  before  parting  with  it  must  indorse  it, 
i.e.  write  his  name  oli  the  back  of  it.  Every  indorser 
thus  becomes  liable  for  the  payment  of  the  note,  if  the 
maker  fails  to  pay  it.  The  holder  in  whose  possession 
the  note  is  at  maturity  presents  it  to  the  maker  for  pay- 
ment. If  the  maker  refuses  to  pay  it,  the  holder  engages 
a  Notary  Public  to  give  to  the  indorser,  or  indorsers,  a 
written  notice  of  its  non-payment.  This  notice  is  called 
a  protest.  A  protest  must  be  sent  on  the  date  of  maturity ; 
otherwise  the  indorsers  are  not  held  responsible  for  the 
payment  of  the  note. 

An  indorser  who  writes  over  his  signature  the  words 
without  recourse  is  not  held  responsible  for  the  payment  of 
the  note. 

A  note  made  payable  to  the  hearer  is  negotiable  without 
indorsement.  In  some  states  a  note  must  contain  the 
words  valv£  received  in  order  to  be  legal. 
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If  the  words  with  interest  are  not  in  a  note,  no  interest 
is  charged.  If,  however,  the  note  is  not  paid  on  the  date 
of  maturity,  interest  at  the  legal  rate  may  be  charged.  If 
a  note  contains  the  words  with  interest^  and  no  rate  is  speci- 
fied, it  is  then  understood  that  the  note  bears  the  rate  of 
interest  usually  charged  in  the  state  where  it  is  made. 

When  the  time  of  payment  is  indicated  in  months,  cal- 
endar months  are  understood. 

A  note  drawn  March  6,  and  payable  two  months  after 
date,  matures  on  May  6  in  states  where  days  of  grace  are 
not  allowed,  and  on  May  9  in  states  where  days  of  grace 
are  allowed. 

296.  The  following  table  gives  the  legal  rates  of  interest 
and  the  maximum  rates  allowed  by  agreement  in  the 
states  and  territories.  It  indicates  also  where  days  of 
grace  are  allowed  on  time  notes  and  time  drafts. 

The  usage  with  respect  to  sight  drafts  is  somewhat 
different. 


Statbs  and  Tbbbitobixs 


Legal  Batk 


Ratk  allowed 
BY  Contract 


Days  of 
Grace 


Alaska     . 

Alabama 

Arkansas 

Arizona  . 

California 

Colorado 

Connecticut     . 

Delaware 

District  of  Columbia 

Florida    . 

Georgia  . 

Idaho 

Illinois    . 

Indiana  . 


8 
6 
7 
7 
8 
6 
6 
6 
8 
7 
7 
5 
6 


10 

8 

10 

any  rate 

any  rate 

any  rate 

(a) 

6 

10 

10 

8 

12 

7 

8 
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Btatm  and  Tsbsitobibs 

Legal  Batb 

Ratb  allowed 

BY  OONTBAOT 

Days  of 
Gbacb 

Iowa 

8 

10 

3 

Indian  Territory     . 
Kansas    . 

6 
6 

10 
10 

3 

Kentucky 
Louisiana 

6 
5 

6 

8 

3 

Maine 

6 

any  rate 

3 

Maryland 
Massachusetts 

6 
6 

6 
any  rate 

Michigan 
Minnesota 

5 
6 

7 
10 

3 
3 

Mississippi 
Missouri . 

6 
6 

10 
8 

3 
3 

10 

any  rate 

Nebraska 

7 

10 

3 

Nevada   . 

7 

any  rate 

3 

New  Hampshire 
New  Jersey     . 
New  Mexico   . 

6 
6 
6 

6 

6 

12 

3 
3 

New  York 

6    ' 

6 

North  Carolina 

6 

6 

3 

North  Dakota 

7 

12 

Ohio 

6 

8 

Oklahoma 

7 

12 

3 

Oregon    . 
Pennsylvania  . 
Rhode  Island . 

6 
6 
6 

10 

6 

any  rate 

3 

South  Carolina 

7 

8 

3 

South  Dakota 

7 

12 

3 

Tennessee 

6 

6 

Texas      . 

6 

10 

3 

Utah       . 

8 

any  rate 

Vermont 

6 

6 

Virginia  . 
Washington    . 
West  Virginia  ^     . 
Wisconsin 

6 
7 
6 
6 

6 
12 

6 
It) 

Wyoming 

8 

12 

8 

(a)  Any  rate,  but  only  6%  can  be  collected  by  law. 
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297.    Find  the  date  of  maturity,  and  the  interest  on  the 
following  note  when  it  shall  have  matured. 


J^Tew  York,  Jf.  T.,  fa/n.  /2,  1903. 

ofvxtif  do/if^  aftev  dat&  <J  promise  to  pay  to 

the  order  of. S^kcyvybou^  RtU/fe^ 

S^cniA^  kuncOiecL  &ufktif —DdUars 

at XA&  Bank  oi  &cymA}t&'Le& .  1 

Value  received,  w-iXA  iAvteA^e^ot. 

J^o.  78.     Due 


Solution.      Count  forward    60    da.   from    Jan.    12. 
Doing  so,  we  get  (19  +  28)  days  for  January  and  Febru- 
ary, making  47  da.  in  all. 
60-47  =  13. 

The  note  matures  March  13,  1903. 

The  legal  rate  of  interest  in  New  York  is  6%. 

The  interest  =  1 480.75  x  .06  x  J  =  $4.81,  nearly. 

EXERCISE  170  (Written) 

Find  the  date  of  maturity,  interest,  and  amount  due  at 
legal  rate  of  interest  on  each  of  the  following  indicated 
notes : 

Facb  Datb  Whbrb  Patablb        Tixb 

1.  1480  Jan.   12,1903  Texas  60  da. 

2.  $650  Jan.     4,  1903  Ala.  80  da. 

3.  $900  Jan.   30,  1903  Ga.  46  da. 

4.  $1000  Feb.  11,1908  Fla.  80  da. 

2a 
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Fack 

Datk 

Whubr  Patablb 

TniB 

s.  1540 

Mar.     6,  1903 

Tenn.   - 

1  mo. 

6.  $825 

AprU  4,1903 

Ky. 

3  mo. 

7.  1920 

May   10,1903 

Cal. 

2  mo. 

8.  $530 

June    8,1903 

N.Y. 

3  mo. 

9.  $960 

July     6,1902 

N.J. 

90  da. 

10.  $720 

Aug.  14, 1902 

Penn. 

60  da. 

11.  $840 

Nov.  10,  1902 

Ohio 

60  da. 

12.  $730 

Dec.  15,  1902 

Mo. 

45  da. 

13.   The 

following  note  was  paid 

March  30, 1903. 

Find 

the  amount  due. 

fd26' 

Austin,  Teocas,  fa.nuoAAf  /2,  1903, 
€n  d&ryva/yul  J  promise  to  pay  to  the  order  of 

(^.    f.    VMoANM^       

3^fi'i&&  IvuAVclA^&di  tw-e/nt/u-tiA}^ 

DMars, 

Value  received,  wWv  imten^&ot  at  6%. 

A 

RU&. 

J^o.  ^/, 

Due 

Find  the  amount  due  on  each  of  the  following  indicated 


demand  notes : 

Date 

Face     * 

Whbbb 

Paid  after 

Payable 

Date 

14.   Aug.  10,  1902 

$600 

La. 

9  mo.  15  da. 

15.   Sept.    4,  1902 

1800 

Miss. 

6  mo.  18  da. 

16.   Oct.    15,  1902 

$550 

Utah 

3  mo.  15  da. 

17.   Nov.  12,  1902 

$660 

Oregon 

5  mo.  12  da. 

18.   Dec.     4,1902 

$850 

111. 

8  mo.  15  da. 

19.  July  20, 1902 

$980 

Va. 

7  mo. 
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PARTIAL  PAYMENTS 

When  payments  are  made  on  a  note,  these  jmy- 
ments  are  known  as  partial  payments.  These  pay  mentis  tuul 
their  dates  of  payment  are  written  on  the  back  of  the  note. 
There  are  several  methods  of  computing  the  amounts 
due  on  such  notes.  The  best  known  and  most  widely  usetl 
are  the  United  States  Rule  and  the  MerchaiUa'  Jiule. 

UNITED  STATES  RULE 

Find  the'amount  of  the  principal  until  tha  time  of  the  flrtt 
payment,  or  until  the  sum  of  two  or  mora  payments  equals  or 
exceeds  the  interest. 

Subtract  the  payment,  or  the  sum  of  the  two  or  more  pay- 
ments from  the  amount. 

Proceed  with  the  remainder  as  a  new  principal.  Continue 
in  this  manner  until  the  date  of  settlement. 


Cincinnati,  Ohio,  ducf.  /O,  1902, 
f  60  0.00 

(Itv  dernxx/yid  J  promise  to  pay  to  the  order  of 

'UMHoAyi  f^foAUfhiaru 

^loo  himMyed —  Dollars 


at tA&  S^vvat  cA'aZuyyiat  Ba/n^ 

Value  received,  wWv  i/nteA^&^. 

J^o,  80.     Due 


This  note  was  indorsed  as  follows : 

1902,  Dec.  15,  « 100. 

1903,  Feb,  12,  « 150. 
1908,  March  15,  $150. 

Find  the  amount  due  April  1,  1908. 
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Solution  : 

Datks  or  Ihdobsbmbnt 

Tms 

BKTWICKN  ] 

Dates 

PATiuns 

yr. 

mo. 

da. 

y. 

mo. 

lU. 

1902 

8 

10 

4 

5 

$100 

1902 

12 

15 

1 

27 

$150 

1903 

2 

12 

1 

3 

fl50 

1903 

8 

15 

16 

1903 

4 

1 

i600      = 

:  first  principal. 

•600 

X.06 

12 

=f  12.60, 

12.60  = 

:  int.  for  4  mo,  5  da. 

i612.50  =  amt.  for  4  mo.  5  ck. 

$100       =  first  payment. 

*512.60  =  second  principaL      $612M  x  M  x  i|=«4.87. 

4.87  =  int.  for  1  mo.  27  da.  ^^ 

$517.37  =  amt  for  1  mo.  27  da. 

150.00  =  second  payment. 
*367.37  =  third  principaL        1367.37  x  .06  x  i~=$2.02. 

2.02  =  int.  for  1  mo.  3  da. 
$369.39  =  amt.  for  1  mo.  3  da. 

150.00  =  third  payment. 
$219.39  =  fourth  principaL      $219.39 x  .06  x ^=$.59. 

^  =  int.  for  16  da.  ^^^ 

$219.98  =  amt.  for  16  da.        $219.98.  Ans, 

EXERCISE  171  (Written) 

1.  A  man  borrows  from  a  loan  association  $3000  at  8% 
interest.  If  he  pays  $100  at  the  end  of  every  3  mo.  for 
1  yr.,  find  the  amount  due  at  the  end  of  the  year. 

2.  A  man  borrows  from  a  building  and  loan  company 
$2000  at  8%  interest.  He  pays  in  monthly  installments 
of  $50  each.     How  much  does  he  owe  at  the  end  of  6  mo.? 

3.  If  yon  borrow  $1800  at  6^  interest  and  pay  annu- 
ally $600,  how  much  do  you  owe  at  the  end  of  3  yr.  ? 
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4.  If  you  borrow  $1600  at  8%  interest  and  pay  semi- 
annually $300,  how  much  do  you  owe  at  the  end  of  2  yr.? 

5.  An  Indiana  note  bearing  the  maximum  rate  of  inter- 
est, dated  July  1,  1900,  and  drawn  for  $3000  had  the 
following  indorsements :  Dec.  1, 1900,  $400 ;  July  1,  1901, 
$300;  Nov.  1, 1901,  $200;  March  1,  1902,  $600;  Jan.  1, 
1903,  $600.    .Find  the  amount  due  April  1, 1903. 

6.  A  Michigan  note  for  $2000,  dated  June  16,  1900, 
and  bearing  the  highest  rate  of  interest  allowed  by  con- 
tract, had  the  following  indorsements:  Nov.  16,  1900, 
$200;  Jan.  6,  1901,  $460;  June  10,  1901,  $200;  Jan.  1, 
1902,  $200.     Find  the  amount  due  July  1, 1902. 

7.  A  Kentucky  note  for  $1000,  with  interest,  dated 
April  1,  1901,  had  the  following  indorsements:  July  1, 
1901,  $400 ;  Dec.  1, 1901,  $200 ;  Feb.  1, 1902,  $300.  Find 
the  amount  due  April  1, 1902. 

8.  A  Virginia  note  for  $1600,  with  interest  at  6%,  and 
dated  Jan.  2, 1902,  had  the  following  indorsements:  March 
3,  1902,  $400;  May  12,  1902,  $300;  July  11,  1902,  $400. 
Find  the  amount  due  at  date  of  settlement,  Nov.  8,  1902. 

Note.  In  finding  interest  in  Partial  Payment  problems  where 
settlement  is  made  within  a  calendar  year,  use  exact  number  of  days 
between  dates. 

THE  MERCHANTS'   RULE 

299.  The  Merchants'  Rule  for  computing  interest  on 
partial  payments  is  used  when  settlement  is  made  within 
one  year  from  the  date  of  the  note.     The  rule  is  as  follows: 

I.  Compute  the  amount  of  the  face  of  the  note  untU  the 
date  of  settlement. 

II.  Compute  the  amount  of  each  Indorsement  from  its  date 
until  the  date  of  settlement,  and  add  these  amounts. 
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m.  Subtract  the  aum  of  the  amounts  of  the  indoraements 
from  the  amount  of  the  face  of  the  note.  The  remainder  'will 
be  the  amount  due  on  the  date  of  settlement. 

Example.  A  note  for  $500,  with  interest  at  8%,  dated 
Jan.  10,  1902,  had  the  following  indorsements :  April  1, 
1902,  ilOO;  May  10,  1902,  $200;  July  1,  1902,  $100. 
Find  the  amount  due  Nov.  1,  1902. 

Solution.     From  Jan.  10  to  Nov.  1  is  9  mo.  21  da. 

From  April  1  to  Nov.  1  is  7  mo. 

From  May  10  to  Nov.  1  is  5  mo.  21  da. 

From  July  1  to  Nov.  1  is  4  mo. 

$500  for  9  mo.  21  da.  amounts  to  $632.33 

$100  for  7  mo.  amounts  to  $104.67 

$200  for  5  mo.  21  da.  amounts  to       207.60 

$100  for  4  mo.  amounts  to  102.67 

The  payments  amount  to  414.94 

Balance  due  Nov.  1,  $117.39 

EXERCISE  172  (Written) 

1.  A  note  for  $500,  with  interest  at  6%,  dated  Jan.  2, 
1902,  had  the  following  indorsements:  March  2,  1902, 
$100;  May  5,  1902,  $150;  July  10,  1902,  $200.  Find 
the  amount  due  Nov.  1,  1902. 

2.  A  note  for  $600,  with  interest  2X%%,  dated  Feb.  1, 
1902,  was  indorsed  as  follows:  March  11,  1902,  $200; 
May  15,  1902,  $100;  July  3,  1902,  $100.  Find  the  bal- 
ance due  Aug.  1,  1902. 

3.  A  note  for  $800,  with  interest  at  8%,  dated  Feb.  10, 
1902,  was  indorsed  as  follows:  March  15,  1902,  $200; 
April  10,  1902,  $100;  June  3,  1902,  $200.  Find  the 
amount  due  Nov.  1,  1902. 
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SAVINGS  BANK  DEPOSITS 

300.  Savings  banks  give  interest  on  deposits  at  the  rate 
of  3%,  3^%,  or  4%.  The  interest  is  computed  semi- 
annually and  marked  on  the  Dr.  side  of  the  bank  book,  for 
the  depositor.  The  balance  to  the  credit  of  the  depositor 
is  computed  in  the  same  way  as  the  balance  in  problems 
in  partial  payments,  by  the  Merchants'  Rule. 

Dr.  Cr. 


1902 

1902 

— 

Jan.  8 

Deposit, 

9125 

00 

Feb.  10 

Withdrawal, 

115 

00 

March  7 

Deposit, 

25 

00 

May  4 

Withdrawal, 

20 

00 

June  10 

Deposit, 

30 
J 180 

00 
00 

Balance, 

145 

00 

«180 

00 

July  6 

Balance, 

$145 

00 

((    (( 

Int.  to  date. 

The  above  represents  a  page  of  the  bank  book  of  a 
depositor  of  a  savings  bank.  On  the  left-hand  side,  or 
Dr.  (debtor)  side,  are  entered  the  deposits.  On  the  right- 
hand,  or  Cr.  (credit)  side,  are  entered  the  withdrawals. 
The  difference  between  the  deposits  and  the  withdrawals 
is  marked  Balance,  and  is  written  on  the  credit  side,  and 
then  brought  on  the  Dr.  side.  On  July  6  the  depositor 
has  on  the  Dr.  side  the  balance  of  $145  and  the  interest 
to  date.     How  is  the  interest  computed  ?    The  answer  is : 

(1)  Find  the  interest  on  $125  from  Jan.  8  to  July  6. 
Find  the  interest  on  1 25  from  March  7  to  July  6. 
Find  the  interest  on  $80  from  June  10  to  July  6. 

Add  the  three  results. 

(2)  Find  the  interest  on  $15  from  Feb.  10  to  July  6. 
Find  the  interest  on  $20  from  May  4  to  July  6. 

Add  the  two  results. 
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(3)  Subtract  the  latter  sum  from  the  former. 

(A  bank  clerk  would  find  these  interests  by  means  of 

interest  tables.) 

EXERCISE  173  (Written) 

1.  A  depositor  in  a  savings  bank  had  on  deposit  July 
8,  1902,  iJ223.50.  On  Dec.  7,  1902,  he  deposited  $12. 
On  Sept.  13  he  withdrew  $5;  on  Oct.  14,  $5;  on  Oct.  26, 
$5;  and  on  Dec.  19,  $10.  Balance  his  account  and  find 
the  interest  to  Jan.  8,  1903,  rate  of  interest  being  2J%. 

2.  A  depositor  in  a  savings  bank  had  on  deposit  Jan. 
1, 1902,  $100.  He  made  deposits  as  follows  :  Feb.  6,  $30  ; 
March  5,  $40;  April  10,  $15.  He  made  withdrawals  as 
follows  :  March  20,  $20  ;  May  10,  $16.  Balance  his  ac- 
count and  find  the  interest  at  3%  to  July  1,  1902. 

3.  A  student  made  the  following  deposits  in  a  savings 
bank  :  Sept.  1,  1902,  $250  ;  Nov.  10,  $100.  He  made 
the  following  withdrawals:  Oct.  15,  $90;  Dec.  15,  $100. 
Find  the  interest  at  4%  on  his  account  Jan.  2,  1903. 

ANNUAL  INTEREST 


Lincoln,  J^eb.,  fa/tv.  /,  1899. 
f  800. 00 

€.rv  cieAyM/^  J  prcfmise  to  pay  to 

feAye/ytvu^  fi^JZ or  order 

Eight  hundred ^Dollars. 

Value  received,  wWv  i/yite/u&ot  a^nmuUly  at  8% . 

JVb.  ^^.     Due 


301.    In  some  states  if  a  note  contains  the  words  "  with 
interest  annually,"  and  if  the  interest  remains  unpaid  for 
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a  number  of  years,  then  the  interest  due  at  the  end  of 
each  year  bears  interest  until  the  date  of  settlement. 

The  interest  by  this  method  of  reckoning  is  called  annual 
interest.  The  interest  we  have  up  to  this  time  considered 
is  known  as  simple  interest. 

Example.  How  much  is  due  on  a  note  for  $800,  dated 
Jan.  5,  1898,  and  bearing  interest  annually  at  8^,  if  left 
unpaid,  both  in  principal  and  interest,  until  March  10, 
1903. 

Solution  : 

yr.         mo.     dft. 

Interest  on  $800  for  1  yr.  at  8%  =  $64.        1903      8    10 

Interest  on  $800  for  5  yr.  2  mo.  5  da.        1898      1       5 

at  8%  =$331.56.  6      2      5 

The  first  year's  interest  is  due  Jan.  5,  1899,  and  bears 
interest  until  March  10,  1903.  The  interest  falling  due 
at  the  end  of  the  second  year  bears  interest  until  March 
10,  1903,  and  so  on. 

We  have  $64  bearing  interest  for 
We  have  $64  bearing  interest  for 
We  have  $64  bearing  interest  for 
We  have  $64  bearing  interest  for 
We  have  $64  bearing  interest  for 
We  have  $64  bearing  interest  for  10  yr.  10  mo.  25  da. 

Interest  on  $64  for  10  yr.  10  mo.  25  da.  at  8%  =  $56.73. 
Interest  on  $800  for  5  yr.  2  mo.  5  da.  at  8%  =  $331.56. 
Amount  due  =$ 800 -f  $ 331. 56 -f$  56. 73  =$1188. 29.   Aub. 

EXERCISE  174  (Written) 
1.   Find  the  amount  due  April  1,  1903,  on  a  note  for 
$900,  dated  July  15,  1899,  and  bearing  interest  annually 
at  7%. 


4yr. 

2  mo. 

5  da. 

3yr. 

2  mo. 

5  da. 

2yr. 

2  mo. 

5  da. 

lyr. 

2  mo. 

5  da. 

2  mo. 

5  da. 
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2.  Find  interest  from  March  6,  1898,  to  Jan.  1,  1903, 
on  note  for  f  1400,  interest  payable  annually  at  8%. 

3.  Find  amount  due  Jan.  1,  1903,  on  a  note  for  11200, 
dated  July  1,  1897,  interest  payable  annually  at  6%. 

4.  Find  amount  due  Jan.  1,  1903  on  note  for  $1000, 
dated  Jan.  1,  1898,  interest  payable  semiannually  at  5%. 

5.  Find  the  amount  due  at  the  end  of  5  years  on  a 
coupon  note,  interest  payable  semiannually,  if  the  face  of 
the  note  is  $700,  and  the  rate  of  interest  is  7%. 

302.   Example.    What  principal    will    produce   $78.75 
interest  in  76  da.  at  7|  %  ? 
Solution  : 

Since  principal  x  rate  x  time  =  interest, 
.-.  Principal  x  .075  x  ^/^  =  $78.75. 
.-.  Principal  =  $78.75  h-  (.075  x  ^^)  =  $6040. 
Analytical  Solution: 

$1  produces  7^^  interest  in  1  yr. 
•*•  ^  i\  produces  1  ^  interest  in  1  yr. 
•'•  ^i\  X  ^6^  produces  1  f  interest  in  1  da. 
.-.  $^  X  ^5^  produces  1  ^  interest  in  75  da. 
.-.  ($^2g  X  i^-f)  X  7875  produces  7876^  in  76  da. 
$_2^x^x  7875  =  $5040. 

EXERCISE  175  (Written) 
What  principal  will  produce  : 

1.  $60  in  1^  yr.  at  8%  ? 

2.  $120  in  2yr.  at  5%  ? 

3.  $135  in  1  yr.  6  mo.  at  9%  ? 

4.  $36  in  3yr.  at  5%  ? 

5.  $144  in  1  yr.  4  mo.  at  ^%  ? 

6.  $12inl  yr.  at  4%  ? 
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7.  $21inlyr.  at  3^%  ? 

8.  f  84  in  3  yr.  6  mo.  at  3%  ? 

9.  f  16.90  in  2  yr.  2  mo.  at  i%  ? 

10.  $42  in  2  yr.  4  mo.  at  4%  ? 

11.  $25.50  in  6  mo.  at  5%  ? 

12.  $6.40  in  4  mo.  at  5%  ? 

13.  $6.75  in  9  mo.  at  3%  ? 

14.  $50  in  8  mo.  at  8%  ? 

15.  By  investing  money  at  6%  per  annum,  interest 
payable  semiannually,  I  receive  every  6  mo.  $339.  How 
much  have  I  invested  ? 

303.  Example.  In  what  time  will  $840  produce  $57.40, 
interest  at  5%  ? 

Solution.     Since  principal  x  rate  x  time  =  interest, 
.-.  $840  X  .05  X  time  =  $57.40. 

...  Time  =  $67.40+($840x.05)=^|g^  =  lH. 

The  time  is  IJ^  yr.     Here  we  multiplied  dividend  and 
divisor  by  100.     J^  of  a  year  =  J^  of  12  mo.  =  4^  mo. 
Two-fifths  of  a  month  =  f  of  30  da.  =  12  da. 
.*.  The  time  is  1  yr.  4  mo.  12  da. 

Analytical  Solution  : 
$1  produces  5^  interest  in  1  yr. 
.'.  $1  produces  1  ^  interest  in  ^  of  1  yr. 
.%  $1  produces  5740^  interest  in  ^  7^4.0  of  1  yr. 
.-.  $840  produces  5740  P  interest  in  g^^  of  ^^  of  1  yr. 

.'.  The  time  is  IJ^  yr.  =1  yr.  4  mo.  12  da. 
Note.    The  actual  computation  by  both  methods  is  the  same. 
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EXEROSE  176  (Written) 
In  what  time  will : 

1.  $1088.75  produce  987.10  interest  at  8^  ? 

2.  $144  produce  $21.60  interest  at  5^  ? 

3.  $215  produce  $6.45  interest  at  5Jk  ? 

4.  $1160  produce  $278.40  interest  at  6^  ? 

5.  $810  produce  $56.70  interest  at  75b  ? 

6.  $312.50  produce  $43.75  interest  at  8^? 

7.  $2220  produce  $216.45  interest  at  3Jb? 

8.  $1400  produce  $78.75  interest  at  6  Jb  ? 

9.  $480  produce  $85.50  interest  at  9^5^? 

10.  $3835  produce  $345.15  interest  at  8  Jb  ? 

11.  $1380  produce  $88.55  interest  at  3J^? 

12.  $5400  produce  $267.75  interest  at  79b  ? 

13.  $7630  produce  $1335.25  interest  at  656  ? 

14.  $2205  produce  $213.15  interest  at  8^? 

15.  $1250  produce  $46.94  interest  at  7^  ? 

304.  Example.     At  what  rate  per  cent  will  $720  pro- 
duce $42.50  interest  in  1  yr.  2  mo.  5  da.  ? 

Solution.     Principal  x  time  x  rate  =  interest. 
.-.  $720  X  (1  4-  i  -f  ^f^r)  X  rate  =  $42.50. 

$720  X  1||  X  rate  =  $42.50 ;  $720  x  l|f  =  $850. 

$850  X  rate  =  $42.50. 

Rate  =  ^#  =  .05. 

$850 

Rate  per  cent  is  6,  or  rate  is  5^. 

Analytical  Solution.     The  interest  on  $720  for 
1  yr.  2  mo.  5  da.  is  $42.50. 
The  interest  on  $720  for  14^  mo.  is  $42.50. 


The  interest  on  $720  for  1  mo.  is 
The  interest  on  $720  for  12  mo.  is 
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$42.50- 


14* 

$42.50  X  12 
14* 


The  interest  on  $1  for  12  mo.  is  ^^^'^^  ^  ^^ 


rpi    .  .        .       gi>iAA^     10        •    $42.50x12x100    ^r 
The  interest  on  $  100  for  12  mo.  is  - — -— — r~ = $  5. 


14^  X  720 

!.50xl2 
141  X  720 


The  rate  is  5^. 

A  third  method  may  be  given.  Find  the  interest  on 
the  principal  for  the  given  time  at  1  Jb.  Divide  the  given 
interest  by  the  interest  at  Ijb.  This  quotient  is  the 
required  rate. 

EXERCISE  177  (Written) 
Find  the  rate  per  cent  when  the  interest  on  — 

1.  $750  for  1  yr.  is  $45. 

2.  $928  for  1  yr.  is  $64.96. 

3.  $880  for  1*  yr.  is  $79.20. 

4.  $945  for  6  mo.  is  $37.80. 

5.  $828  for  8  mo.  is  $38.64. 

6.  $1200  for  1  yr.  3  mo.  is  $90. 

7.  $1800  for  9  mo.  is  $67.50. 

8.  $2400  for  8  mo.  is  $64. 

9.  $250a  for  9  mo.  18  da.  is  $100. 

10.  $3000  for  7  mo.  12  da.  is  $90. 

11.  $3750  for  4  mo.  15  da.  is  $112.50. 

12.  $2754  for  2  mo.  20  da.  is  $55.08. 

13.  $4846  for  6  mo.  20  da.  is  $121.15. 

14.  $1440  for  7  mo.  10  da.  is  $52.80. 
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Find  the  rate  per  cent  when  — 

15.  11080  amounts  to  11123.20  in  8  mo. 

16.  $1200  amounts  to  $1270  in  10  mo. 

17.  f  1600  amounts  to  $1640  in  6  mo. 

18.  $2460  amounts  to  $2674.80  in  9  mo.  10  da. 

19.  $92  amounts  to  $102.12  in  2  yr. 

20.  $324  amounts  to  $333.72  in  8  mo. 

305.  Example.  What  principal  will  amount  to  $  136. 27 
in  1  yr.  3  mo.  15  da.  at  Sjfc  ? 

Solution.  We  shall  solve  this  question  on  the  prin- 
ciple that  the  amount  varies  directly  with  the  principal 
when  the  time  and  the  rate  are  fixed.  Thus,  $2  at  any 
given  rate  and  for  any  given  time  will  amount  to  twice  as 
much  as  $  1  at  the  same  rate  and  for  the  same  time. 

The  interest  on  $1  for  1  yr.  is  $.05. 

.-.  The  interest  on  $1  for  3  mo.  is  $.0125. 

.-.  The  interest  on  $1  for  15  da.  is  $.0020f. 

.-.  The  interest  on  $1  for  1  yr.  3  mo.  15  da.  is  $.0645f . 

.-.  The  amount  of  $1  for  1  yr.  3  mo.  15  da.  is  $1.0645|. 
$1.0645f  X  (number  of  dollars  in  the  principal)  =  $136.27. 

.*.  (Number  of  dollars  in  the  principal)  =  $136.27 -^ 
$1.0645|  =  $128,  nearly. 

The  process  of  dividing  $136.27  by  1.0645|  is  per- 
formed by  multiplying  dividend  and  divisor  by  6,  and 
then  proceeding  in  the  usual  manner. 

EXERCISE  178  (Written) 
What  principal  will  amount  to  — 

1.  $840  in  1  yr.  at  b^  ?      4.   $903  in  IJ  yr.  at  5^  ? 

2.  $749  in  1  yr.  at  7^^  ?      5.   $414  in  3  yr.  at  5^^  ? 

3.  $  645  in  1  yr.  at  7^  ^fc  ?    6.  $  255. 30  in  2  yr.  at  5 J^  ? 
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7.  112,540.45  in  2  yr.  3  mo.  at  4  Jb  ? 

8.  $168.35  in  7  mo.  6  da.  at  6  Jb  ? 

9.  $618.67  in  1  yr.  4  mo.  at  59b  ? 

10.  1646.80  in  8  mo.  at  4  Jb? 

11.  *  776.07  in  1  yr.  1  mo.  at  4 J  9b? 

12.  $481.50  in  lyr.  at  79b? 

13.  $432.55  in  11  mo.  at  8^? 

14.  $282.75  in  2  yr.  4  mo.  15  da.  at  7j5fe? 

15.  $2090.07  in  1  yr.  1  mo.  15  da.  at  8  Jb  ? 

16.  $2067.75  in  1  yr.  5  mo.  at  lOJ^b  ? 

17.  $268.28  in  1  yr.  7  mo.  at  69b  ? 

18.  $254.25  in  7  mo.  15  da.  at  QJJb? 

19.  $25,346.25  in  1  yr.  3  mo.  at  10^  ? 

20.  $843.70  in  8  mo.  3  da.  at  7j9b  ? 

SPECIAL  METHODS  FOR  COMPUTING  INTEREST 

We  shall  illustrate  two  of  these. 

306.  Example.  Find  the  interest  on  $570  for  5  mo. 
19  da.  at  b% 

Six  Per  Cent  Method 

The  interest  on  $1  for  1  yr.  at  6^  is  $.06. 

.-.  The  interest  on  $1  for  1  mo.  at  69b  is  $.005. 

.-.  The  interest  on  $1  for  1  da.  at  656  is  $.000 J. 

.•.  The  interest  on  $1  for  5  mo.  at  6^  is  $.025. 

.-.  The  interest  on  $1  for  19  da.  at  69b  is  $.003 J. 

.-.  The  interest  on  $1  for  5  mo.  19  da.  at  69b  is  $.028 J. 

.-.  The  interest  on  $670  for  5  mo.  19  da.  at  69b  is 
$.028^  X  570  =  $16.06. 

To  get  the  interest  at  5^,  subtract  from  the  interest  at 
6^  J  of  the  interest  at  656. 
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Interest  at  69b  =  $16.06. 

J  of  interest  at  6Jb  =      2.68. 

.-.  Interest  at  6jb  =    13.38. 

In  practice,  we  multiply  .005  by  the  number  indicating 
the  months ;  .000^  by  the  number  indicating  the  days.  Find 
their  sum  and  multiply  it  by  the  number  indicating  the 
dollars  in  the  principal.  This  product  gives  the  interest 
at  6Jb. 

To  find  the  interest  at  7^,  add  ^  of  the  interest  at  6^ 
to  itself.     ^ 

To  find  the  interest  at  7J^,  add  ^  of  the  interest  at  656 
to  itself. 

To  find  the  interest  at  856,  add  J  of  the  interest  at 
69b  to  itself. 

To  find  the  interest  at  956,  add  J  of  the  interest  at  6^ 
to  itself. 

To  find  the  interest  at  Sjfc,  subtract  ^  of  the  interest  at 
6^  from  itself. 

To  find  the  interest  at  4 J  Jfc,  subtract  ^  of  the  interest 
at  6  56  from  itself. 

To  find  the  interest  at  456,  subtract  J  of  the  interest  at 
6^  from  itself. 

.   Twelve  Per  Cent  Method 

807.     The  interest  on  $1  for  1  yr.  at  12^  is  $.12. 
The  interest  on  $1  for  1  mo.  at  I29&  is  $.01.^ 
The  interest  on  |1  for  1  da.  at  125()  is  $.000 J. 

Example.  Find  the  interest  on  $890  for  7  mo.  22  da. 
at79fc. 

Find,  first,  the  interest  on  $890  for  7  mo.  22  da.  at  12^. 
Interest  on  $1  for  7  mo.  =  $.07. 
Interest  on  $1  for  22  da.  =  $.007 J. 
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.-.  Interest  on  $1  for  7  mo.  22  da.  »  §.077^. 
.-.  Interest  on  1890  for  7  mo.  22  da.  =  1.077 J  x  890  »= 
#68.83,  nearly. 
Interest  at  5^  =  ^  of  the  interest  at  129^.    -^  =  i  +  i« 
J  of  $68.83  =  $17.21,  nearly. 
J  of  $68.83  =  $11.47,  nearly. 
Q  4-  J)  of  $68.83  =  $28.68,  nearly. 
Having  found  the  interest  at  12^,  or  1J6  a  month,  we 
find  the  interest  at  — 

856  by  taking  ^  of  this  result. 
4J6  by  taking  j  of  this  result. 
6^  by  taking  J  of  this  result. 
556  by  adding  (^  and  ^)  of  this  result. 
7^  by  adding  (|  and  ^)  of  this  result. 
8^  by  taking  f  of  this  result. 
9^  by  subtracting  ^  of  this  result  from  itself. 
To  compute  interest  at  12^ : 

Multiply  the  namber  indioattng  tlia  montiui  by  .(H,  tbe 
number  indicating  the  days  by  .000^;  add,  and  multiply 
tlMir  sum  by  the  number  denoting  the  dollars  in  the 
principal. 

Note.  Taking  into  consideration  the  present  usage  in  the  com- 
mercial world,  it  seems  that  the  12%  method  is  shoi*ter  and  less 
involved  than  the  6%  method. 

EXERCISE  179  (Written) 
REVIEW 

1.  Find  the  interest  on  $  4000  for  1  yr.  1  mo.  2  da.  at 

2.  Find  the  interest  on  $256.30  for  4  mo.  9  da.  at  7%. 

3.  Find  the  interest  on  1130.85  for  11  mo.  6  da.  at  5^. 

4.  Find  the  interest  on  $  653  for  2  mo.  16  da.  at  4%. 
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5.  Find  the  interest  on  $2105.60  for  2  mo.  24  da.  at 
5%. 

6.  Find  the  amount  of  $805  for  10  mo.  at  8%. 

7.  Find  the  amount  of  $507  for  1  yr.  12  da.  at  8%. 

8.  What  principal  will  produce  $  20.83  interest  in  5  mo. 
at  5%  ? 

9.  What  principal  will  produce  $17.50  interest  in  9 
da.  at  5%  ? 

10.  Find  the  rate  of  interest  when  $  500  produces  $  2.92 
interest  in  1  mo. 

11.  Find  the  rate  of  interest  when  $  250  produces  $  7.30 
in  5  mo. 

12."  How  much  must  I  invest  at  5%  interest  to  have  an 
annual  income  of  $  1200  from  my  investment  ? 

13.  A  man  buys  a  house  and  lot  and  rents  it  for  $  40  a 
month.  Taxes  and  insurance  cost  him  $120  a  year.  If 
his  net  receipts  give  him  a  profit  oi<6%  on  his  investment, 
find  the  cost  of  the  house  and  lot. 

14.  For  how  long  a  time  must  $3000  be  loaned  at  5% 
to  produce  $  20  interest  ? 

15.  If  I  borrow  $2400  at  7%  interest  and  pay  in  princi- 
pal and  interest  $  2456,  how  long  do  I  keep  the  money  ? 

16.  For  how  long  a  time  must  a  sum  of  money  be 
loaned  at  simple  interest  at  8%  to  produce  in  interest 
I  of  itself? 

17.  For  how  long  a  time  must  a  sum  of  money  be 
loaned  at  simple  interest  at  6%  to  produce  in  interest 
■^  of  itself? 

18.  Find  the  exact  interest  of  $1200  for  292  da.  at  5%. 

19.  Find  the  exact  interest  of  $7300  for  146  da.  at  7%. 
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20.  The  exact  interest  of  $10,800  at  5%  is  $324. 
Find  the  time. 

21.  In  what  time  will  $  260  amount  to  $  262.60  at  5%  ? 

22.  What  sum  must  be  deposited  in  a  savings  bank 
which  pays  3J%  interest  to  produce  semiannually  $8.75? 

23.  A  man  deposits  his  money  in  two  banks.  In  one 
bank  he  has  $  572  which  pays  3J% .  The  other  bank  gives 
4%  interest.  If  he  receives  as  interest  the  same  amount 
from  both  banks,  how  much  money  has  he  altogether  ? 

24.  If  I  invest  half  my  money  at  6%  and  the  remainder 
at  4%,  and  derive  an  income  of  $650  annually,  how  much 
money  have  I  invested  ? 

REVIEW  QUESTIONS 

1.  Define  principal^  rate^  per  cent^  interest^  amount. 

2.  How  does  exact  interest  differ  from  interest  accord- 
ing to  the  common  use  of  the  term  ?  What  is  the  distinc- 
tion between  simple  interest  and  annual  interest  ? 

3.  How  do  you  find  the  interest  of  a  sum  of  money 
at  a  given  rate  and  for  a  given  time  ? 

4.  If  you  were  given  the  interest,  the  rate,  and  the 
time,  how  would  you  find  the  principal  ? 

5.  Given  the  principal,  interest,  and  time,  how  would 
you  find  the  rate  per  cent?  How  would  you  find  the 
rate? 

6.  Given  the  principal,  the  rate,  and  the  interest,  how 
would  you  find  the  time  ? 

7.  Given  the  principal,  the  amount,  and  the  rate,  how 
would  you  find  the  time  ? 

8.  Given  the  principal,  the  amount,  and  the  time,  how 
would  you  find  the  rate  ? 
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9.   Given   the  amount,  the  rate,  and  the   time,  how 
would  you  find  the  principal  ? 

10.  If  you  knew  the  interest  of  a  sum  of  money  for  a 
given  time  at  6%,  how  would  you  find  the  interest  for  the 
same  sum  for  the  same  time  at6%?  at4%?  at8%? 

11.  If  you  knew  the  interest  at  4%,  how  would  you  find 
the  interest  of  the  same  sum  at  7%  ?  at  3%  ?  at  5%  ?  at 

12.  If  you  were  given  the  intei*e8t  of  a  sum  of  money 
for  a  number  of  days,  how  would  you  determine  from  this 
the  exact  interest  of  the  same  sum  for  the  same  number 
of  days  ? 

13.  For  short  periods  of  time,  what  is  the  ratio  of  the 
exact  interest  to  the  ordinary  simple  interest  ? 

14.  From  the  lender's  point  of  view,  which  is  preferable, 
annual  interest  or  simple  interest  ? 

15.  Write  a  promissory  note  for  f  200  dated  Jan.  12, 
1903,  interest  at  7%,  and  time  30  days. 

16.  A  promissory  note  is  drawn  Jan.  15,  1903,  payable 
60  da.  after  date.     Find  its  date  of  maturity  in  your  state. 

17.  Explain  the  terms  maker^  pdj/ee,  holder. 

18.  When  is  a  promissory  note  negotiable?  When  is 
it  non-negotiable  ? 

19.  State  the  Merchants'  Rule  for  computing  the  interest 
on  a  note  when  partial  payments  are  made.  State  the 
United  States  Rule  for  partial  payments. 
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J^ew  Orleans,  La.,  S'eA.  /f ,  190S, 
f  3  60. 00 

^vxttf  cLoAfQ,  a^tcA,  dat&  J  promise  to  pay  to 

the  order  of. -. fo^&^k  @/><m^ 

c^/Uee  h/nmAa^  m^ - ^Dollars. 

Value  received. 

:N'o.  38.     Dae  dpiAl  16// 8,  /^03. 


308.  The  above  time  note  is  negotiable  when  indorsed. 
Supposing  the  payee,  Joseph  Coan,  needs  money,  he  can  sell 
the  note  to  a  bank.  The  sum  the  bank  gives  him  for  the 
note  is  called  the  proceeds  of  the  note.  The  difference 
between  the  proceeds  and  the  face  of  the  note  is  called  the 
bank  discount. 

The  bank  discount  is  always  a  rate  per  cent  of  the  value 
of  the  note  on  its  day  of  maturity,  reckoned  from  the  date 
of  the  sale  of  the  note  to  the  day  of  maturity. 

The  bank  discount  is  then  the  interest  on  the  maturity 
value  of  the  note  computed  from  the  date  of  discount  to 
the  date  of  maturity.  This  time  is  called  the  term  of 
discount. 

The  maturity  value  of  the  note  minus  the  bank  discount 
is  the  proceeds  of  the  note. 
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309.  Uxample.  Find  the  discount  and  the  proceeds 
of  the  above  note,  if  it  was  discounted  at  8%,  March  1, 
1903. 

Solution.  The  bank  charges  discount  from  March  1 
to  April  18. 

From  March  1  to  April  18  is  48  days. 

Twelve  Per  Cent  Method 

The  interest  on  $1  for  .  1  da.  at  12%  =  1.000 J. 

The  interest  on  |1  for  48  da.  at  12%  =  $  .OOo|  x  48  = 
$.016. 

The  interest  on  1 350  for  48  da.  at  12%  =  $  .016  x  350 
=  $5.60. 

The  interest  at  12%  =  $560. 

The  interest  at    8%  =  $  3.73,  nearly. 

Bank  discount  =  $  3.73. 

Proceeds  of  the  note  =  $  346.27. 

EXERCISE  180  (Written) 

Find  the  bank  discount  and  the  proceeds  of  the  following 
indicated  notes: 


Dis-     Rate  of 

Datb 

Where  Drawn 

Time 

Face 

c'ted 

Disc't 

1. 

Jan.  12, 

Atlanta,  Ga., 

60  da.. 

«600, 

Feb.  13, 

8%. 

2. 

July  4, 

Tuscaloosa,  Ala., 

60  da.. 

«800, 

Aug.  3, 

8%. 

3. 

Mar.  3, 

Nashville,  Tenn., 

90  da.. 

8500, 

Mar.  3, 

6%- 

4. 

April  5, 

Memphis,  Tenn., 

60  da., 

«700, 

Apr.  5, 

6%. 

5. 

May  7, 

Key  West,  Fla., 

60  da.. 

«600, 

May  10, 

10%. 

6. 

May  9, 

Cincinnati,  0., 

20  da.. 

$900, 

May  24, 

8%, 

7. 

May  30, 

Cleveland,  0., 

90  da.. 

«750, 

July  1, 

6%- 

8. 

June  5, 

Harrisburg,  Pa., 

60  da.. 

«450, 

July  5, 

n- 

9. 

Aug.  11, 

Rochester,  N.  Y., 

30  da., 

8800, 

Aug.  11, 

6%. 

10. 

Sept.  9, 

Omaha,  Neb., 

30  da., 

9350, 

Sept.  12, 

10%. 
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Date  Whkbk  Drawn 

11.  Oct.  4,  San  Antonio,  Texas,   60  da., 

12.  Oct.  14,  Guthrie,  O.  T., 

13.  Nov.  10,  Augusta,  Ga., 

14.  Dec.  4,  Trenton,  N.  J., 

15.  Jan.  10,  Springfield,  111., 

16.  Jan.  5,  Los  Angeles,  Cal., 

17.  Jan.  30,  Portland,  Oregon, 

18.  July  10,  Salt  Lake  City, 


TmB 

Face 

Dis-     Rate  op 
c*TBD       Disc't 

60  da., 

»800, 

Oct.  7, 

10%. 

60  da., 

$500, 

Nov.  16, 

12%. 

90  da.. 

»600, 

Nov.  25, 

8%. 

90  da., 

^750, 

Feb.  5, 

6%. 

45  da., 

»650, 

Feb.  9, 

7%. 

60  da., 

9850, 

Feb.  5, 

9%. 

75  da.. 

8950, 

Feb.  28, 

9%. 

3  mo.. 

9380, 

July  12, 

9%. 

Portland,  Me.,  fu7v&  ^,  1902. 
f  2  50. 00 

cAiAveXAf  doAfo,  o^teAy  dat&  J  promise  to  pay  to 

the  order  of. Rudat^k  W^e^-eA, 

S^wo  kund/uxi  (i^ftif ..Y- J^ollars. 

Value  received,  w^iXA  iAtt&v&ot  at  6%. 

Jfo.  8^.      Due  ^e^.  7//0,  /^02. 


310.    The  above  note  was  discounted  July  8,  1903  at 
8%.     Find  the  bank  discount  and  the  proceeds. 

Six  Per  Cent  Method 

Solution.     Step  1.   Find  the  maturity  value  of  the 
note. 
The  interest  on  1 1  for  1  mo.  at  6%  =  $  .005. 
The  interest  on  1 1  for  1  da.  at  6%  =  $  .000 J. 
The  interest  on  1 1  for  3  mo.  at  6%  =  1 .015. 
The  interest  on  1 1  for  3  da.   at  6%  =  $  .000^. 
The  interest  on  $1  for  3  mo.  3  da.  =  $  .015^. 
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The  interest  on  $  250  for  3  mo.  3  da^  =$  .0155  x  250  = 
$.0155  X  1000 ^$  15.50 ^^,g  g,^ 
4  4 

Maturity  value  =  $  253.87. 

Step  2.    Find  the  term  of  discount. 

The  note  was  discounted  July  8.  The  term  of  discount 
is  the  exact  number  of  days  from  July  8  to  Sept.  10, 
i.e.  64  da. 

Step  3.    Find  the  bank  discount. 

The  bank  discount  is  reckoned  on  the  maturity  value  of 
the  note.     The  rate  is  8%.     64  da.  =  2  mo.  4  da. 

The  interest  of  f  1  for  2  mo.  at  6%  =  1 .01. 

The  interest  of  f  1  for  4  da.  at  6%  =  I  .OOOf . 

The  interest  of  $1  for  2  mo.  4  da.  ==  I  .OlOf. 

The  interest  of  1253.87  for  2  mo.  4  da.  =f  .OlOf  x 
253.87. 

I.OlOf  X  253.87  =  (1 .01  x  253.87  =  1 2.54, nearly)  + 
(I.OOOf  X  253.87  =  f  .17,  nearly)  =«5  2.71. 

The  interest  at  6%  =  $2.71. 

The  interest  at  8%  =  $2.71  +  J  of  $2.71  =  $3.61. 

The  bank  discount  =  $3.61. 

The  proceeds  =  maturity  value  —  discount  =  $253.87 
-$3.61  =$250.26. 

EXERCISE  181  (Written) 
Find  the  discount  and  the  proceeds  of  the  following 
indicated  notes: 


Rate 

Rate  of 

Face 

Datb 

TniB 

State 

OF  Int. 

Disc't   Disc't 

1. 

«350, 

Jan.  1, 

45  da., 

Idaho, 

10%, 

12o/„    Feb.  1. 

2. 

$395, 

Jan.  10, 

3  mo., 

Arkansas, 

6%. 

10%,    Jan.  20. 

3. 

«450, 

Feb.  1, 

30  da.. 

Iowa, 

«% 

8o/o,    Feb.  18. 

4. 

$600, 

Mar.  1, 

60  da., 

Colorado, 

8%, 

12o/o,    Mar.  31. 
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Rate  Rate  of 

Face 

Date 

Time 

State                  of  Int. 

Disc't 

Disc't 

5. 

$500, 

Apr.  2, 

60  da.. 

Connecticut, 

6%, 

8%, 

Apr.  17. 

6. 

$900, 

Apr.  10, 

30  da.. 

Indiana, 

6%, 

8%, 

Apr.  10. 

7. 

$1000, 

Apr.  15, 

60  da., 

Kansas, 

8%, 

10%, 

Apr.  15. 

8. 

$750, 

May  4, 

60  da , 

Maryland,* 

6%, 

6%, 

May  5. 

9. 

$800, 

July  10, 

30  da., 

Missouri,* 

6%, 

8%, 

July  26. 

10. 

$400, 

Aug.  15, 

60  da.. 

North  Carolina, 

6%, 

6%, 

Aug.  15. 

11. 

$850, 

Nov.  11, 

90  da.. 

Washington 

7%, 

10%, 

Nov.  12. 

12. 

$900, 

Dec.  12, 

45  da., 

Wisconsin, 

6%, 

6%, 

Jan.  13. 

13. 

$1200, 

Dec.  5, 

3  mo.. 

Texas, 

6%, 

10%, 

Jan.  15. 

14. 

$1500, 

Feb.  10, 

90  da., 

West  Virginia, 

6%, 

10%, 

Mayl. 

311.  Example  1.  For  what*  sum  must  I  draw  a  note 
payable  in  48  da.  so  that  when  it  is  discounted  I  may 
realize  $480,  rate  of  discount  being  8%  ? 

Solution  : 

Interest  of  $1  for  48  da.  at  8%  =  1 .010|. 

Proceeds  of  f  1  for  48  da.  at  8%  =  Jl  .989^. 

$.989J^  X  (number  denoting  the  dollars  in  the  face  of 
the  note)=  $480. 

.'.  The  number  denoting  the  dollars  in  the  face  of  the 
note  =  $480  ^  $  .9^9 J  =  $1440  ^  $  2.968  =  485.18,  nearly. 

Face  =  $486.18. 

The  note  must  be  drawn  for  $485.18. 

Example  2.  A  note  with  interest  at  7%,  dated  Houston, 
Texas,  Jan.  4,  1903,  and  drawn  for  60  da.,  is  discounted 
Jan.  13,  at  8%.  If  the  proceeds  of  the  note  are  $540, 
find  its  face. 

Solution.     The  note  matures  March  8,  1903. 

The  note  is  discounted  Jan.  13.  From  Jan.  13  to 
March  8  =  54  da.  =  term  of  discount. 

*  In  Maryland  and  Missouri  banks  count  the  day  of  discounting  a 
note  as  well  as  tlie  day  of  maturity. 
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Step  1.  The  interest  of  $1  for  2  mo.  3  da.  at  7%  = 
$  .01225. 

The  maturity  value  of  $  1  of  the  face  =  $1.01225. 
SUp  2.    The  interest  of  $1.01225  for  54  da.  at  8%  = 

$.012147. 

|1.01225-$.012147=$1.000103=proceedsof$lofface. 

Step  3.  Since  the  proceeds  of  $  1  multiplied  by  the  num- 
ber of  dollars  gives  the  proceeds  of  that  number  of  dollars, 
$  1.000103  X  (number  of  dollars  in  the  face)  =  $  540. 

Number  of  dollars  in  the  face  =  1540  -s-  $1.000103  = 
$  539.94. 

Face  =  $539.94. 

EXERCISE  182  (Written) 
Find  (neglecting  days  of  grace)  the  face  of  each  of  the 
following  indicated  notes: 

TiMB  Interest  Discount  Discounted 
120  da., 
90  da., 
60  da., 
90  da., 
60  da., 

4  mo., 

3  mo., 
60  da., 
90  da., 
120  da., 
45  da., 
60  da., 

13.  If  the  value  of  a  note  at  maturity  is  f  550,  and  its 
proceeds  at  8%  is  $539,  find  the  term  of  discount. 

14.  If  the  value  of  a  note  at  maturity  is  $  850,  and  its 
proceeds  when  discounted  at  6%  is  I  845.75,  find  the  term 
of  discount. 


Proceeds 

Date 

1.  ^735, 

ISrfar.  3, 

2.  «825, 

Mar.  10, 

3.  f  900, 

July  9, 

4.   ^583, 

July  6, 

5.  8950, 

Aug.  5, 

6.   9528, 

Nov.  8, 

7.   1995, 

Dec.  5, 

8.  $540, 

Jan.  2, 

9.  a  450, 

Mar.  4, 

10.  «750, 

June  10, 

11.  »900, 

Apr.  13, 

12.   «827, 

May  14, 

6%, 

8%, 

Apr.  4. 

eyo. 

6%, 

Mays. 

6%. 

8% 

Aug.  30. 

7% 

10%, 

Sept.  4. 

8%, 

10%, 

Sept  4. 

7%, 

9%. 

Dec.  8. 

6%. 

8%, 

Jan.  4. 

6%, 

9%. 

Feb.  16. 

8%, 

8%, 

May  3. 

6%. 

7%, 

Aug.  9. 

7%. 

8%, 

Apr.  28. 

6%, 

9% 

May  29. 
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15.  If  the  maturity  value  of  a  note  is  $  1200,  and  the 
proceeds  of  the  note  when  discounted  for  60  days  is  $  1188, 
find  the  rate  of  discount. 

EXCHANGE 

312.  The  method  of  paying  debts  to  persons  at  a 
distance  without  the  actual  transmission  of  the  money 
involved  is  called  exchange. 

Suppose  William  Thompson  of  New  Orleans  owes  Jacob 
Siegel  of  New  York  $600.  Suppose  further,  David  Meyer 
of  New  York  owes  William  Thompson  of  New  Orleans 
$600.  If  William  Thompson  of  New  Orleans  directs 
David  Meyer  of  New  York  to  pay  Jacob  Siegel  of  New 
York  the  amount  named,  the  indebtedness  of  the  parties 
concerned  is  thus  cancelled  without  the  risk  of  sending 
money  from  New  Orleans  to  New  York  and  from  New 
York  to  New  Orleans. 

313.  The  written  order  of  Thompson  upon  Meyer,  re- 
questing him  to  pay  a  sum  of  money  is  called  a  draft. 

SIGHT  DRAFT 


JTew  Orleans,  La.,  TnouvtA  /O,  1903. 
^600.00 

(Zt  QyUfAt,  pay  to  the  order  of 

fcue^  ^v&<f&t the  sum  of 

ofi/?(y  Au/yvd^L&d ^Dollars. 


Value  received^  and  charge  to  the  axicount  of 

To  J^oAyid  TfleAf&v, 
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The  above  draft  is  known  as  a  sight  draft.  Thompson 
sends  it  by  mail  to  Siegel,  who  on  receiving  it  presents 
it  to  Meyer  for  payment.  Thompson  is  called  the 
drawer.  Siegel  is  called  the  payee.  Meyer  is  called 
the  drawee. 

If  the  draft  were  payable  after  date,  or  after  sight,  it 
would  be  called  a  time  draft. 

A  time  draft,  on  its  receipt,  is  presented  to  the  drawee 
for  acceptance.  To  accept  a  draft  is  to  write  your  name 
across  the  face  of  it.  Acceptance  is  regarded  as  a  promise 
to  pay  the  sum  specified  in  the  draft. 


TIME  DRAFT 


ff  60  0.00 


Louisville,  Ky,,  (Zu^.  /O",  1902. 
doAfo.  a^t&v  dat&   pay  to  the  order  of 

...._-_.^^i,^.^.^<^"^t .:- 


^Dollars. 


Value  received  and  charge  to  the  a/^count  of 
To  /if&'m.if  Tncydenf, 


After  acceptance  the  above  draft  is  returned  to  Richard 
Weaver,  who,  if  he  desires,  may  have  it  discounted  as  a 
promissory  note. 

The  date  of  maturity  of  a  time  draft  payable  after  date 
is  reckoned  in  the  same  manner  as  that  of  a  promissory 
note. 
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LouisviUs,  Ky,,  CUi/f.  /O,  1902, 
f/ 60 0.00 

S^kiAXAf  cLoAfQ^  a/^teAy  fij^dt^*  pau^  the  order  of 

y-:-_-c^\.^r.'^ 

SV^e^  kl^kcU^^ ^Dollars. 


Value  received  and  charge  to  the  OjCcount  of 

To  /-f&nvif  Tn<yd€Af, 


A  time  draft  payable  after  sight  matures  as  many  days  or 
months  after  date  of  acceptance  as  are  indicated  in  face, 
without  days  of  grace,  or  in  three  days  more  if  days  of 
grace  are  allowed  in  state  where  drawee  resides. 

314.  Bank  drafts  form  one  of  the  most  important 
mediums  of  exchange.  If  a  merchant  owes  money  in 
New  York,  Chicago,  or  in  any  other  place,  he  can  always 
purchase  a  draft  from  his  home  bank,  and  by  transmitting 
this  through  the  mails  settle  his  indebtedness.  The 
following  is  the  form  of  a  bank  draft : 


JVb.  7^. 

Galveston,  Texas,  THoa^  /O,  1903. 
f^utcfjingg,  Sealg  $c  Co.,  ISanfeerg, 

Pay  to  the  order  of <3hxi/Ke€^  oAeAAyvrui^ 

^300.00.. 

.{^kve&  A^ncCveJ) ^^Dollars. 

/if.  €.  dt&iyi,   Cashier. 
To  ol&ue/yiXA  c/tdCuyyuit  Bank, 

cA&i^  y<yJo. 
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The  price  of  exchange,  is  a  matter  of  supply  and  de- 
mand. If,  for  instance,  the  Galveston  banks  freely  offer 
New  York  or  Chicago  exchange,  a  purchaser  will  very 
probably  get  it  for  less  than  its  face  value.  If  exchange 
is  scarce,  its  price  is  high.  When  exchange  costs  more 
than  its  face  value,  it  is  said  to  be  at  a  premium;  when  it 
costs  less  than  its  face  value,  it  is  said  to  be  at  a  discount. 
Exchange  is  at  par  when  the  cost  of  a  draft  is  its  face 
value.  Exchange  is  always  quoted  as  a  rate  per  cent,  or 
as  so  many  dollars  on  a  $1000.  The  exchange  is  always 
reckoned  on  the  face  value  of  the  draft.  Thus,  ^<fo  pre- 
mium, or  il.25  premium  mean  that  the  cost  of  a  draft  for 
$100  is  $100^,  and  the  cost  of  a  draft  for  $1000  is 
$1001.25.  The  rate  of  exchange  is  generally  a  fraction 
of  1%. 

Express  companies  charge  for  money  orders  to  any  part 
of  this  country  or  Canada  not  over  30  f^  for  $100.  It  is 
reasonable  to  assume  that  a  person  will  not  pay  much 
more  than  this  rate  for  exchange. 

EXERCISE  183  (Oral) 

1.  What  is  the  cost  of  exchange  on  a  sight  draft  for 
$400  at  ^%  premium? 

2.  What  is  the  cost  of  exchange  on  a  sight  draft  for 
$300  at  J  %  premium? 

3.  Find  the  cost  of  a  draft  on  New  York  for  $200  at 
^%  premium. 

4.  Find  the  cost  of  a  demand  draft  for  $500  at  J% 
premium. 

5.  Find  the  cost  of  a  sight  draft  for  $600  at  {% 
premium. 

6.  Find  how  much  must  be  paid  for  a  sight  draft  for 
$1000  at  $1.25  premium. 
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7.  Find  how  much  must  be  paid  for  a  sight  draft  for 
$2000  at  12.60  premium. 

8.  Find  the  cost  of  remitting  $800  from  Dallas  to 
Chicago  by  means  of  a  bank  draft  when  exchange  is  J% 
premium. 

9.  Find  the  cost  of  a  sight  draft  on  Chicago  for  $700, 
exchange  being  at  J%  discount. 

10.  Find  the  cost  of  a  sight  draft  on  New  York  for 
$400  when  exchange  is  J%  discount. 

11.  Find  the  cost  of  exchange  on  a  draft  for  $1000, 
exchange  being  |%  premium. 

12.  Find  the  cost  of  an  express  order  for  $1200  at  the 
rate  of  30^  per  $100. 

13.  If  you  had  to  remit  $200  to  Chicago  when  ex- 
change is  J%  premium,  which  would  you  prefer,  to  buy 
exchange  or  to  buy  an  express  money  order  at  the  rate  of 
30^  for  $100? 

14.  What  is  the  cost  of  an  express  money  order  for 
$1000? 

15.  What  is  the  cost  of  a  sight  draft  for  $3000  at  $1.50 
premium  ? 

16.  What  is  the  cost  of  a  sight  draft  for  $3000  at  $2.50 
premium  ? 

316.  Example.  What  is  the  cost  of  a  draft  on  Buffalo 
for  $800,  payable  in  30  da.  at  6%  interest,  exchange  being 
at  the  rate  of  J%  premium? 

Solution  : 

The  interest  on  $800  for  30  da.  at  6%  =  $400. 

Cost  of  exchange  =  J%  of  $800  =  $2.00. 

The  cost  of  the  draft  =  $800  +  $2  -  $4  =  S 
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EXERCISE  184  (Written) 
Find  the  cost  of  the  following  sight  drafts  : 

Face  Bate  of  Exchanqb 

1.  $2720,  1%  premium. 

2.  $3480,  J%  premium. 

3.  15080,  ^%  premium. 

4.  $6290,  $2.50  premium. 

5.  $8290,  $1.25  discount. 

6.  $9980,  J%  discount. 

7.  $5493,  $1.50  discount. 

8.  $5280,  $1.50  premium. 

9.  $6040,  $2.00  discount. 

10.  $6090,  $1.25  premium. 

11.  $5400,  $1.25  discount. 

12.  $9870,  1%  discount. 

13.  $4500,  ^%  premium. 

14.  $6920,.  -^%  discount. 

15.  $7780,  1%  premium. 

16.  $1234,  J%  discount. 

17.  Find  the  cost  of  an  express  money  order  for  $1400 
at  30^  for  $100. 

18.  Find  the  cost  of  a  draft  for  $10,000  at  |%  discount. 

19.  Find  the  cost  of  a  draft  for  $600  payable  in  30  da. 
without  grace,  tlie  rate  of  interest  being  6%,  exchange 
being  \%  premium. 

20.  Find  the  cost  of  a  draft  for  $  1000  payable  in  30  da., 
exchange  being  at  par  and  the  rate  of  interest  being  8%. 

21.  Find  the  cost  of  a  45  da.  draft  for  $  960,  exchange 
being  dX\%  discount,  and  the  rate  of  interest  being  6%. 
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FOREIGN  EXCHANGE 

316.  The  settling  of  outstanding  indebtedness  between 
parties  in  different  parts  of  this  country  by  means  of  drafts 
is  known  as  domestic  exchange.  The  settling  of  debts 
between  parties  in  this  country  and  parties  in  foreign 
countries  by  means  of  drafts  is  called  foreign  exchange. 
Foreign  drafts  are  known  as  billB  of  exchange.  These  are 
issued  in  duplicate,  i.e.  two  are  drawn  exactly  alike.  The 
two  bills  are  sent  by  different  mails.  As  soon  as  one  is 
paid,  the  other  is  void. 

When  we  take  into  consideration  the  fact  that  the  ex- 
ports of  this  country  for  1902  amounted,  in  round  num- 
bers, to  ffl,355,000,000,  and  that  the  imports  for  the  same 
year  amounted  to  upward  of  f  900,000,000,  we  can  readily 
appreciate  the  part  bills  of  exchange  play  in  the  commerce 
of  the  world.  While  millions  of  dollars  are  owed  by  mer- 
chants in  this  country  to  merchants  in  foreign  countries, 
and  while  merchants  in  foreign  countries  owe  millions  of 
dollars  to  merchants  in  this  country,  the  actual  settlement 
of  their  obligations  involves  annually  the  transfer  of  less 
than  5^0  oi  the  amount  of  money. 

The  price  paid  for  bills  of  exchange  fluctuates.  The 
intrinsic  value  of  metallic  coins,  expressed  in  terms  of  the 
monetary  unit  of  a  country,  is  called  the  par  of  exchange. 
The  value  of  foreign  coins  expressed  in  terms  of  the  unit 
of  United  States  currency  is  given  in  §  255. 

Usually  exchange  is  a  little  above  or  a  little  below  the 
par  of  exchange. 

Exchange  on  Great  Britain  is  quoted  at  the  number  of 
dollars  to  £  1 ;  exchange  on  France  is  quoted  at  so  many 
cents  to  the  franc,  or  as  so  many  francs  to  the  dollar ;  ex- 
change on  Germany  is  quoted  as  so  many  cents  to  4 
marks,  or  as  so  many  cents  to  a  mark. 
2o 
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BILL  OF  EXCHANGE 


JVb.  2^8(f6  J^ew  York,  J^.Y.,  fern.,  f,  1903. 

£/200 

At  sight  of  this  first  of  exchange  (second  of 

the  same  date  and  tenor  unpaid) 

pay  to  the 

order  of VMZtiam,  S^hiU)-^ 

-- _--<5W6^U£'  hu/yuJtAj&d  js^(yiirui^  oZeAjA/yuf 

Value  received  and  charge  the  same  to  the  account)  of 

BeA/yvoA/cC  johmA^<yyu. 
To  m(M/vnAU<Mv  V>  ^.,^  jCU., 


EXERCISE  185  (Written) 

1.  Find  the  cost  of  a  draft  on  London  for   £1000, 
exchange  being  4.872. 

2.  Find  the  cost  of  a  bill  of  exchange  for  &  550  15«., 
exchange  being  4.85. 

3.  Find  the  cost  of  a  bill  of  exchange  for  5750  francs, 
exchange  being  5.15,  i.e.  5.15  francs  =  fl. 

4.  Find  the  cost  of  a  draft  on  Manchester  for  <£  3500 
6«.  8d.  when  exchange  is  quoted  at  4.87J. 

5.  Find  the  cost  of  a  draft  on  Berlin  for  1480  marks 
when  exchange  is  quoted  at  95J,  i.e.  4  marks  =  95^^. 

6.  Find  the  cost  of  a  draft  on  Vienna  for  8500  krones, 
rate  of  exchange  being  1  krone  =  $.202. 

7.  Find  the  cost  of  a  draft  for  1500  lira  when  exchange 
is  quoted  at  19.3,  i.e.  19.3^=  1  lira. 
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8.   Find  the  cost  of  each  of  the  following  drafts : 

Face  Where  Payable  Rate  of  Exchange 

(a)     Je928  10«.  Liverpool  4.85 

(6)     £850  68.8d.  Belfast  4. 86  J 

((?)      2500  marks  Berlin  24 

(i)     9280  francs  Havre  6.16 

(e)     8500  lira  Naples  19J 

(/)   £584  13*.  4i.  Dublin  4.85f 

317.  Example.  What  is  the  face  of  a  New  York  draft 
on  Liverpool  which  costs  $7297.50  when  exchange  is 
quoted  at  4. 86 J  ? 

Solution.    $4,865  =  £  1. 

$1  =  -^^. 
4.865 

$  7297, 50  =  ^  !^,^J:^^  =  £  1500. 

4.865 

EXERCISE  186  (Written) 
Find  the  face  of  each  of  the  following  drafts : 


Cost 

Whbbb  Payable 

Rate  of  Ezchanob 

1.    $5835 

London 

4.86i 

2.  $1218.75 

Newcastle 

4.87^ 

3.  $9063.05 

Berlin 

95.2 

4.  $3724.90 

Paris 

19.3 

5.  $718.24 

Christiana 

26.8 

6.  $2366.82 

Belfast 

4.86J 

7.  $1087 

Paris 

6.18^ 

ft  $5664.80 

Hamburg 

23.8 
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REVIEW  QUESTIONS 

1.  What  is  bank  discount  ? 

2.  What  is  meant  by  the  proceeds  of  a  note  ? 

3.  What  is  meant  by  the  term  of  discount  ? 

4.  How  is  the  bank  discount  on  a  note  computed  ? 

5.  What  is  meant  by  the  maturity  yalue  of  a  note  ? 

6.  What  are  days  of  grace  ? 

7.  How  is  the  date  of  maturity  found  ? 

8.  What  is  meant  by  exchange  ? 

9.  Name  the  parties  to  a  sight  draft  ? 

10.  What  is  a  time  draft  ? 

11.  What  is  meant  by  accepting  a  draft  ? 

12.  What  is  a  bank  draft  ? 

13.  What  is  meant  by  exchange  being  at  par  ? 

14.  If  drafts  on  another  city  are  at  par  in  your  city, 
what  may  you  infer  ? 

15.  How  is  the  cost  of  exchange  on  a  sight  draft  com- 
puted ? 

16.  Why  should  the  premium  on  exchange  not  exceed 
a  fraction  of  1%  ? 

17.  What  do  you  mean  by  foreign  exchange  ? 

18.  What  do  you  mean  by  domestic  exchange  ? 
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6.  What  must  I  pay  for  5%  stock  so  as  to  make  a 
profit  of  8%  on  my  investment  ? 

7.  How  much  must  be  invested  in  Northwestern  pay- 
ing 6%,  at  206,  to  derive  an  income  of  1900? 

8.  Which  is  the  more  profitable  investment,  5%  stock 
at  119|  or  8%  stock  at  219|  ? 

9.  How  much  must  be  paid  for  a  $1000  bond  at  87^  ? 

10.  City  bonds  bought  at  89^  pay  5%.  What  rate  of 
interest  do  they  pay  ? 

11.  If  I  have  15000  stock  in  United  States  4's  at  102, 
what  annual  dividend  do  I  receive  ?  If  I  sold  my  stock 
what  should  it  bring  ? 

12.  How  much  should  be  realized  by  selling  $  10,000  of 
each  of  the  stocks  quoted  above  at  the  highest  prices  paid 
March  11,  1903? 

13.  Which  is  the  better  investment,  Illinois  Central 
paying  6%  dividend,  at  137f,  or  United  States  4's  at  109  J  ? 

14.  How  many  shares  of  stock  must  a  broker  sell  to 
make  154.75  brokerage  ? 

INSURANCE 

323.  IiiBuraiice  is  an  indemnity  against  loss  to  property, 
and  also  a  payment  on  the  death  of  a  person,  or  after  the 
expiration  of  a  specified  time. 

There  are  two  kinds  of  insurance,  property  insurance 
and  life  insurance. 

The  price  paid  for  insurance  is  called  a  premium.  The 
written  contract  between  the  party  insured  and  the  in- 
surance company  is  called  a  policy. 

The  premium  on  a  life  insurance  policy  is  an  annual 
payment  of  so  many  dollars  on  the  $1000. 
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In  the  following  table,  the  first  column  gives  the  age, 
and  the  second  column  gives  the  annual  premium  on 
$1000  insurance  for  a  life  insurance  policy  taken  out  at 
the  age  specified.  The  figures  are  taken  from  the  book  of 
rates  of  a  reputable  life  insurance  company. 


AOK 

Akkual  Pbexium 

Aox 

Annual  Pbbmiuh 

AOB 

Annual  Premium 

21 

118.65 

88 

129.80 

60 

•  47.00 

24 

919.92 

40 

981.50 

52 

•  51.20 

27 

»  21.50 

42 

988.80 

54 

•  56.40 

80 

128.80 

44 

•  86.40 

56 

•  62.40 

83 

125.80 

46 

•  89.60 

68 

•  69.00 

85 

» 27.10      , 

48 

•  48.00 

60 

•  76.40 

EXERCISE  190  (Written) 
Use  the  rates  given  above. 

1.  Find  the  premium  on  a  f  5500  policy  taken  out  at 
the  age  of  27  yr. 

2.  What  is  the  premium  on  a  life  insurance  policy  for 
.14500  taken  at  33  yr.  of  age  ? 

3.  If  you  insure  your  life  at  24  yr.  of  age,  what 
premium  do  you  pay  on  a  policy  of  $6500? 

4.  Find  the  premium  on  a  life  insurance  policy  of 
$10,500  taken  at  38  yr.  of  age. 

5.  A  man  52  yr.  old  insures  his  life  for  $8500;  find 
his  annual  premium. 

6.  A  man  56  yr.  old  insures  his  life  for  $9450;  find 
his  annual  premium. 

7.  A  man  40  yr.  old  insures  his  life,  and  pays  an 
annual  premium  of  $992.25.  Find  the  amount  of  his 
policy. 
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8.  A  man  42  yr.  old  insures  his  life,  and  pays  an 
annual  premium  of  $654.32.  Find  the  amount  for  which 
he  insured. 

9.  The  annual  premium  on  a  life  insurance  policy  of 
$27,100  is  $734.41.  Find  the  rate  per  $1000.  Also  find 
the  age  of  the  insured. 

10.  The  annual  premium  on  a  life  insurance  policy  for 
$9800  is  $784.08.  Calculate  the  rate  on  $1000  insurance. 
At  what  age  was  the  insurance  taken  out  ? 

11.  If  the  annual  premium  on  a  life  insurance  policy,  at 
the  rate  of  $43  per  $1000  insurance,  is  $107.60,  find  the 
amount  of  the  policy. 

12.  If  the  annual  premium  on  a  life  insurance  policy, 
at  the  rate  of  $19.92  per  $1000  insurance,  is  $104.58,  find 
the  amount  of  the  insurance. 

13.  If  the  premium  on  a  life  insurance  policy,  at  the 
rate  of  $23.30  per  $1000  insurance,  is  $542.89,  find  the 
amount  of  the  policy. 

14.  A  man  52  yr.  old  insures  his  life ;  find  the  amount 
of  the  policy  he  may  obtain  on  payment  of  an  annual 
premium  of  $230.40. 

PROPERTY  INSURANCE 

324.  The  premium  on  property  insurance  is  a  rate  per 
cent  of  the  value  of  the  property  insured.  The  computa- 
tion of  premiums  involves,  therefore,  nothing  beyond  a 
knowledge  of  percentage. 

The  rates  charged  for  insurance  against  fire  vary  some- 
what throughout  the  country.  The  following  specifies  the 
rates  for  fire  insurance  on  dwellings  in  Galveston,  Texas : 

Dwelling  houses  with  shingle  roofs,  80^  per  $100. 
Dwelling  houses  with  slate  or  metal  roofs,  65^  per  $100. 
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Add  10 f^  for  each  dwelling  within  80  ft. 
For  3  yr,,  double  annual  premium. 
For  5  yr.,  treble  annual  premium. 
Mercantile  risks,  1%  up. 

A  frame  dwelling  house  with  a  shingle  roof,  and  having 
a  dwelling  house  on  each  side  within  a  distance  of  80  ft. 
would  thus  pay  an  annual  premium  of  $1  per  f  100,  or  f  2 
per  $100  for  a  policy  good  for  3  yr.,  or  1 3  per  $100  for  a 
policy  good  for  5  yr.  If  4  dwelling  houses  adjoined  it, 
the  respective  premiums  for  1  yr.,  3  yr.,  and  5  yr.  would 
be  $1.20,  $2.40,  $3.60  per  $100. 

Insurance  companies  as  a  rule  do  not  insure  property 
at  its  full  value. 

325.  Insurance  companies  will  insure  property  against 
fire,  and  if  before  the  expiration  of  the  time  for  which 
it  is  insured,  the  assured  desires  to  have  his  policy  can- 
celled, the  company  will  pay  back  a  portion  of  the  premium 
to  the  assured,  on  the  basis  of  the  table  below. 

For  example,  if  a  person  owns  a  residence  insured  for 
one  year,  and  in  the  course  of  the  year,  say  in  ninety  days, 
sells  it  and  cancels  his  policy,  the  company  insuring  will 
return  to  the  assured  a  part  of  the  sum  paid  for  insur- 
ance. The  custom  is,  however,  to  transfer  the  policy  with 
the  deed. 

The  following  tariff  of  rates  for  periods  less  than  1  yr. 
is  in  general  use  throughout  this  country  and  is  known  as: 

SHORT  RATE  TARIFF 

/     5  days,      7%  of  the  annual  premium. 

_    8  days,      9%  of  the  annual  premium. 

10  days,    10%  of  the  annual  premium. 

12  days,    12%  of  the  annual  premium. 

15  days,    14%  of  the  annual  premium. 
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x^^20  days,    17%  of  the  annual  premium. 

25  days,    19%  of  the  annual  premium. 

30  days,    20%  of  the  annual  premium. 

^'35  days,    23%  of  the  annual  premium. 

40  days,    26%  of  the  annual  premium. 

45  days,    27%  of  the  annual  premium. 

^50  days,    28%  of  the  annual  premium. 

60  days,    30%  of  the  annual  premium. 

70  days,    37%  of  the  annual  premium. 

-^0  days,    38%  of  the  annual  premium. 

90  days,    40%  of  the  annual  premium. 

1P5  days,    45%  of  the  annual  premium. 

120  days,    50%  of  the  annual  premium. 

150  days,    60%  of  the  annual  premium. 

180  days,    70%  of  the  annual  premium. 

210  days,    75%  of  the  annual  premium. 

240  days,    80%  of  the  annual  premium. 

270  days,    85%  of  the  annual  premium. 

^300  days,    90%  of  the  annual  premium. 

330  days,    95%  of  the  annual  premium. 

360  days,  100%  of  the  annual  premium. 

The  above  table  gives  the  per  cent  of  the  annual  premium 

retained  by  the  insurance  company.     The  remainder  of 

the  premium  is  returned  to  the  party  who  insures. 

EXERCISE  191  (Written) 
What  is  the  premium  on  mercantile  risks  for  1  yr.  for 
the  following  amounts  at  the  rates  specified: 

1.  $3500 at  11.10 per  $100?      6.  $9500 at $1.10 per $100? 

2.  $4500  at $1.20  per  $100?      7.  $10,500  at  $1.50  per  $100? 

3.  $5800at$1.20per$100?      8.  $9500    at $1.60 per $100? 

4.  $9200  at  $1.25  per  $100?     9.  $20,000  at $1.60  per  $100? 

5.  $8750at$1.25per$100?    lO.  $18,000 at $1.25 per $100? 
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EXERCISE  192  (Written) 
Find  the  premium  for  insuring  dwellings  against  loss 
by  fire  for  8  yr.  at  the  rates  specified : 

1.  $2500  at  11.30  per  |100.  lo.  $3300    at  $1.80  per  $100. 

2.  $2000  at  $1.15  per  $100.  ll.  $7500    at  $1.60  per  $100. 

3.  $4500  at  $  1.50  per  $100.  12.  $  7250    at  $1.40  per  $100. 

4.  $3000  at  $1.25  per  $100.  13.  $10,500  at  $1.30  per  $100. 

5.  $2500  at  $1.90  per  $100.  14.  $19,250  at  $1.26  per  $100. 

6.  $5500  at  $1.70  per  $100.  15.  $16,450  at  $1.60  per  $100. 

7.  $  6500  at  $  1.50  per  $  100.  16.  $  7900    at  $  1.35  per  $  100. 

8.  $4000  at  $1.80  per  $100.  17.  $22,500  at  $1.10  per  $100. 

9.  $6400  at  $1.70  per  $100.  18.  $18,250  at  $1.20  per  $100. 

EXERCISE  193  (Written) 
Find  the  premiums  for  insuring  dwellings  for  6  yr.  for 
the  following  amounts,  at  the  rates  specified : 

1.  $2400  at  $1.80  per  $100.    8.  $12,000  at  $1.75 per  $100. 

2.  $9300  at  $1.50  per  $100.     9.  $18,000  at  $1.76  per  $100. 

3.  $8500  at  $1.60  per  $100.  10.  $200,000  at  $1.25  per  $100. 

4.  $9450  at  $1.60  per  $100.  ll.  $15,500  at  $1.60 per  $100. 

5.  $6500  at  $1.90  per  $100.  12.  $16,200  at  $1.60  per  $100. 

6.  $5400  at  $1.60  per  $100.  13.  $1800  at  $1.90  per  $100. 

7.  $9500  at  $1.90  per  $100.  14.  $1750  at  $1.75  per  $100. 

EXERCISE  194  (Written) 
1.   A  cotton  factor  insures  cotton  to  the  amount  of 
$12,000  at  $1.10  per  $100  for  1  yr.     He  sells  the  cotton 
in  3  mo.  and  has  his  policy  cancelled.      Find  amount  of 
premium  returned  by  the  insurance  company. 
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2.  If  a  residence  is  insured  for  1  yr.  for  $5000  at  the 
rate  of  90^  for  $100,  and  in  4  mo.  the  policy  is  cancelled, 
how  much  is  returned  by  the  insurance  company  ? 

3.  A  commission  merchant  insures  a  stock  of  goods  for 
$18,000  for  1  yr.  at  $1.25  per  $100.  In  2  mo.  he  cancels 
his  policy.  Find  the  amount  of  premium  returned  by  the 
insurance  company.  ^ 

4.  A  commission  merchant  insures  cotton  to  the  amount 
of  $25,000  for  1  yr.  at  $1.26  per  $100.  In  20  da.  he 
cancels  his  policy.  Find  the  return  premium  the  insur- 
ance company  gives  on  the  premium  paid. 

5.  A  grain  dealer  insures  a  quantity  of  grain  valued  at 
$50,000  at  $1  per  $100.  In  15  da.  he  cancels  his  policy. 
Find  the  return  premium  allowed  by  the  insurance 
company. 

6.  A  commission  merchant  insures  $20,000  worth  of 
coflfee  at  90^  on  the  $100.  If  he  disposes  of  the  coffee 
in  35  da.  and  cancels  his  policy,  find  his  return  premium 
allowed  by  the  insurance  company. 

7.  A  commission  merchant  insures  a  quantity  of  cotton 
for  $25,000  at  90^  per  $100.  He  sells  the  cotton  in 
40  da.  and  cancels  his  policy.     Find  his  return  premium. 

8.  Find  the  return  premium  on  an  insurance  of  80,000 
bu.  of  wheat  at  70  ^  a  bushel,  at  the  rate  of  90  ^  per  $100, 
if  the  policy  is  cancelled  in  30  da. 

9.  Find  the  return  premium  on  an  insurance  of  60,000 
bu.  of  barley  at  40^  per  bushel,  at  the  rate  of  $1.10  per 
$100,  if  the  policy  is  cancelled  in  60  da. 

326.   Example  1.   A  church  is  insured  for  1  yr.  at  the 
rate  of  90^  per  $100.     If  the  premium  is  $225  and  the 
amount   of  the  policy  is  |  of  the  estimated  value  of 
the  church,  find  the  estimated  value  of  the  church. 
2d 
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Solution.    90  ^  x  (number  of  hundreds  in  the  policy) 

=  $225. 

$225 
No.  of  hundreds  in  the  policy  =  ^^-^  =  250. 

qp.9 

Amount  of  the  policy  =  f  250  x  100  =  $25,000. 

Five-sixths  of  the  value  of  the  church  =  $25,000, 

.-.  The  value  of  the  church  =  $30,000. 

Or,  analytically: 

On  $100  the  premium  is  9Q^. 

,x    $100  ^,  .        .    .  ^ 

On  the  premium  is  1  f» 

On  ^^  X  22,500  the  premium  is  22,500^  or  $225. 

The  amount  of  the  policy  is  $25,000. 

Five-sixths  of  the  value  of  the  church  is  $25,000. 
.-.  One-sixth  of  the  value  of  the  church  is  $5000. 
.'.  Six-sixths  of  the  value  of  the  church  is  $30,000. 

The  estimated  value  is  $30,000. 

Example  2.  If  it  cost  a  commission  merchant  $2.97  to 
insure  cotton  for  45  da.  at  the  rate  of  $1.10  per  $100, 
what  was  the  value  of  the  cotton,  if  the  tariff  of  rates 
above  given  was  in  operation  ? 

Solution.  The  commission  merchant  paid  on  $100 
27%  of  $1.10  =  $.2970. 

The  insurance  rate  is  $.2970  on  $100. 

The  insurance  rate  is  $.00297  on  $1. 

$.009297  X  (number  indicating  the  dollars  in  policy) 
=  $2.97. 

$2  97 
Number  indicating  dollars  in  policy  =        *        =  1000. 

$.00297 

Value  of  cotton  =  $1000. 
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Or,  analytically : 

The  insurance  rate  is  $.297  on  $100. 

$100 


The  insurance  rate  is  $.001  on 


The  insurance  rate  is  $1  on  $100  x 


297 
1000 


297 
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The  insurance  rate  is  $2.97  on  $100  x  1000  x  ^  =  $1000. 

EXERCISE  195  (Written) 

Find  the  amount  of  insurance  in  each  case  if  the  follow- 
ing premiums  were  paid  at  the  rates  specified  : 


PKRMnms 

IUtx  on  $100 

Pbxhiuks 

Ratk  on  $100 

1.  $22.40, 

80^. 

11. 

$1051.25, 

$1.45. 

2.  $72.25, 

85^. 

12. 

$720.75, 

$1.55. 

3.  $132.00, 

$1.10. 

13. 

$61.25, 

$1.75. 

4.  $180.50, 

95^. 

14. 

$316.84, 

$1.78. 

5.  $144.50, 

85^. 

IS. 

$68.95, 

$1.85. 

6.  $168.75, 

75^. 

16. 

$57.66, 

$1.86. 

7.  $34.30, 

70^. 

17. 

$39.71, 

$1.90. 

8.  $396.75, 

$1.15. 

18. 

$76.05, 

$1.95. 

9.  $100.80, 

$1.20. 

19. 

$65.34, 

$1.98. 

10.  $816.75, 

$1.65. 

20. 

$101.25, 

$2.25. 

21.  A  commission  merchant  insured  his  grain  at  the 
rate  of  85^  per  $100.  He  cancelled  his  policy  in  90  da. 
and  thereby  got  a  return  premium  of  $45.90.  Find  the 
amount  of  his  policy. 

22.  A  merchant  insures  his  stock  of  goods  at  the  rate 
of  75^  per  $100;  he  cancels  his  policy  in  5  mo.,  and 
thereby  gets  a  return  premium  from  the  insurance  com- 
pany of  $12.30.     Find  the  amount  of  insurance. 


404  ARITHMETIC 

23.  By  insuring  a  dwelling  at  the  rate  of  $1,20  per 
flOO,  an  insurance  company  loses,  on  account  of  the  de- 
struction of  the  building  by  fire  a  month  later,  $9761.44. 
Find  the  amount  of  the  policy. 

24.  For  what  sum  must  I  insure  my  library,  worth 
1790,  at  the  rate  of  $1.25  per  $100,  so  that  in  case  of  loss 
by  fire  I  may  get  back  the  value  of  the  library  and  the 
premium  ? 

25.  Seven  months  after  a  stock  of  goods  had  been 
insured  the  entire  stock  was  sold  and  the  policy  cancelled. 
If  the  return  premium  from  the  insurance  company  was 
$60.40  and  the  amount  of  the  policy  was  $18,120,  find 
the  rate  of  insurance. 

26.  The  net  charge  for  insuring  a  dwelling  for  1  yr. 
after  giving  a  return  premium  at  the  end  of  8  mo.  was 
$23.12.  If  the  dwelling  was  insured  for  $3400,  find  the 
rate  of  insurance. 

TAXATION 

327.  The  price  paid  for  the  support  of  government  is 
called  a  taat.  Taxes  on  property,  whether  real  estate  or 
personal  property,  are  generally  reckoned  on  the  basis  of 
$100.     A  tax  on  voters  is  called  a  poll  tax. 

EXERCISE  196  (Written) 

1.  The  assessed  valuation  of  the  property  in  Galveston 
is  $15,572,000.  The  school  tax  is  20^  per  $100.  Find 
the  total  school  tax. 

2.  Find  the  tax  on  property  valued  at  $9500  at  2  mills 
on  the  dollar. 

3.  Find  the  tax  on  property  valued  at  $10,600  at  the 
rate  of  40  cents  on  the  $100. 
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4.  The  assessed  valuation  of  property  in  San  Diego, 
Cal.,  is  $11,500,000.  The  rate  of  taxation  is  $1.45  per 
$100.     Find  the  total  tax  of  San  Diego. 

5.  The  tax  rate  in  San  Antonio,  Tex.,  is  $1.67  on  $  100. 
Taking  the  valuation  of  property  in  San  Antonio  at 
$83,000,000,  find  the  total  property  tax. 

6.  The  tax  for  the  Galveston  sea  wall  is  5  mills  on 
$1.  The  bonded  indebtedness  of  the  city  on  account 
of  the  sea  wall  will  be  about  $1,400,000.  If  the  bonds 
pay  5^  interest,  by  how  much  does  the  sea  wall  tax 
exceed  the  interest  on  the  sea  wall  bonds? 

7.  Find  the  tax  on  property  valued  at  $7500,  at  1.7456. 

8.  Find  the  tax  on  property  valued  at  $8500,  at  5 
mills  on  $1. 

9.  Find  the  total  tax  of  a  property  owner  whose  prop- 
erty is  assessed  at  $9000,  the  tax  rate  being  $1.79^,  if  he 
pays  2  polls  at  $1.50  each. 

10.  Find  the  tax  on  property  valued  at  $3250,  at  8  mills 
on  the  dollar. 

11.  The  assessed  valuation  of  property  in  Providence, 
R.  I.,  is,  in  round  numbers,  $198,000,000.  The  tax  rate  is 
1|56.  Find  the  total  tax  collected  if  95^  of  the  tax  levy 
is  collected. 

12.  The  assessed  valuation  of  property  in  Duluth, 
Minn.,  is  nearly  $27,000,000,  and  the  bonded  indebted- 
ness of  the  city  of  Duluth  is  about  $5,100,000.  Supposing 
Duluth  city  bonds  bear  interest  at  the  rate  of  5^6,  what 
tax  rate  per  $100  would  equal  the  interest  on  the  bonds? 

13.  The  assessed  valuation  of  property  in  Cleveland,  O., 
is  about  $180,000,000.  The  tax  rate  is  3.05^.  Find,  on 
the  supposition  that  95^6  of  the  tax  levy  is  collected,  the 
amount  raised  by  taxation  on  property  in  Cleveland. 
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14.  The  assessed  valuation  of  real  estate  and  personal 
property  in  St.  Louis  is  nearly  $390,000,000;  the  public 
bonded  debt  is  about  $24,000,000.  If  the  bonds  bear 
556  interest,  find  the  tax  rate  on  the  dollar  necessary  to 
pay  this  interest. 

15.  Supposing  St.  Louis  votes  to  raise  by  taxation  on 
property  $1,950,000,  what  is  the  rate  of  taxation  necessary 
to  do  this  ? 

16.  If  $21,280  is  raised  by  taxation  at  the  rate  of  50^ 
on  the  $100,  find  the  valuation  of  taxable  property. 

17.  The  tax  rate  in  a  city  is  $1.20  per  $100,  and  90^ 
of  the  tax'levy  is  collected.  If  the  amount  raised  annually 
by  taxation  on  property  is  $3,780,000,  find  the  assessed 
valuation  of  property.  Supposing  a  man's  property  in  this 
city  was  assessed  for  $8500,  and  that  he  paid  two  polls  of 
$1.50  each,  find  his  tax. 

18.  If  $5280  are  raised  by  a  tax  of  J  ^  on  property,  find 
the  valuation  of  the  property. 

19.  A  reduction  in  the  tax  rate  from  23.8  mills  on  $1 
to  20  mills  on  $1  reduces  the  tax  of  a  property  owner 
$273.60.     Find  the  valuation  of  his  property. 

20.  The  valuation  of  taxable  property  in  Bloomington, 
m.,  is  $5,902,250.  The  tax  rate  is  $2.38  per  $100. 
Find  the  tax  levy.  If  95^  of  this  tax  is  collected,  find 
the  amount  collected. 

21.  The  valuation  of  taxable  property  in  Baltimore  is, 
in  round  numbers,  $440,000,000.  The  rate  of  taxation  in 
Baltimore  is  $1.91  per  $100.  Find  the  tax  levy  in  this 
city. 

22.  The  tax  rate  in  Philadelphia  is  $1.85  per  $100. 
Find  the  tax  paid  on  property  by  a  citizen  of  Philadelphia 
who  owns  property  assessed  at  $18,600. 


CHAPTER  XX 

THE  LANGUAGE  OF  MATHEMATICS,   RATIO,  PROPORTION, 
PARTNERSHIP 

329.  By  mathematics  we  understand  those  branches  of 
knowledge  which  deal  with  quantity.  Arithmetic,  algebra, 
geometry,  surveying,  etc.,  are  included  in  the  term  mathe- 
matics. 

Mathematics  has  a  language  of  its  own.  This  language 
we  shall  now  consider. 

The  word  eight  conveys  a  definite  idea  to  the  mind  ;  the 
sign  or  symbol  8  conveys  the  same  idea.  The  words 
eight  squared  convey  a  definite  idea  to  the  mind  ;  the 
symbol  8^  conveys  the  same  idea.  The  words  three-fourths 
of  sixteen  convey  an  idea  ;  the  symbols  |  x  16  convey  the 
same  idea.  Similarly,  the  words,  the  quotient  of  seventy- 
two  divided  by  eighty  convey  an  idea ;  the  symbol  ^-^  con- 
veys the  same  idea. 

330.  When  we  reason  about  numbers  and  the  relations 
of  numbers  we  make  letters  represent  numbers.  Thus, 
a,  6,  c^  x^  y,  2,  etc.,  may  each  represent  any  number  what- 
ever. We  indicate  the  product  of  the  numbers  represented 
by  letters  by  writing  the  letters  in  succession,  one  after 
the  other.  Thus,  abc  implies  the  continued  product  of 
a,  6,  and  e.  Also  a  number  written  before  a  letter  in- 
dicates multiplication.  Thus,  5  a  means  5  times  a.  5  a  is 
then  a  short  way  of  writing  a-i-a-ha  +  a-h«. 

4  6  is  a  short  way  of  writing  J  +  J  -j-  J  -j-  J. 
7  a:  is  a  short  way  of  writing  x-\-X'>tx-\'X'\-x-\-X'\'X. 
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(3?  is  a  short  way  of  writing  a  x  a  or  aa. 

o^  is  a  short  way  of  writing  a  x  a  x  a  or  aaa. 

dp*  is  a  short  way  of  writing  axaxaxa  or  aaaa. 

cfi  is  a  short  way  of  writing  axaxaxaxa  or  aaaaa. 

The  number  denoting  how  many  times  a  number  is 
added  is  called  a  ooeffloient.  The  coefficient  of  the  expres- 
sion 9  5  is  9. 

The  expression  a-\-h  stands  for  the  sum  of  any  two 
numbers.  The  expression  a  — J  stands  for  the  number 
which  when  added  to  I  gives  a,  or  in  other  words,  the 
remainder  obtained  when  h  is  subtracted  from  a. 

331.  Example  1.  If  a  =  5,  i  =  3,  what  is  the  value  of  a  + 
ft?a-J  =  ?  4a  =  ?  35  =  ?  2a-8  5=? 

Solution.    a  +  J  =  5  +  3  =  8.     a-J  =  5-3  =  2. 

4a  =  4x5  =  20.  35  =  3x3  =  9.  2a-36  =  2x5-3 
x3  =  l. 

Example  2.  If  a  =  7,  what  is  the  value  of  a^  ?  cfil  3  a^  ? 
4a8? 

a2=axa=  7x7  =  49.     a3  =  a xaxa=7x 7  x7  =  343. 

3a2-3xaxa  =  3x7x7  =  147.  4a3=4xaxaxa=4 
x7x7x7  =  1372. 

EXERCISE  198  (Oral) 

If  a  =  4,  what  is  the  value  of  4a?  7a?  11a?  13a? 
17a?  19a?  27a?  Ja?  \al 

If  a  =  6,  what  is  the  value  of  a^?  a«?  a*?  2a2?  3a»? 
2a«?  4aa?  a-^a^'i  a2  +  a«? 

If  a  =  3,  6  =  2,  what  is  the  value  ofa  +  J?  a  —  6? 
2a  +  J?«  +  26?  2a-J?  2a-.36?  3a-26? 

If  a  =  6,6  =  3,  whatis  the  valueof  6a  +  3  6?  3a  +  5ft? 
6a"-36?  5a-106?  7a-56?  Sa^?  a^  +  ja?  a^-fta? 

If  a;  =  5,  y  =  6,  what  is  the  value  oi  xyl  2xyl  Sxy? 
a?y?  xtf?  ^a??  Jy2? 
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If  aj=9,  y  =  4,  what  is  the  value  of  27?-y^l  7?  +  2y^l 
3r»  +  y^?  2a^2  +  3ya?  y2-a?? 

if  a  =  10,  6  =  7,  find  the  value  of  a6,  5  aft,  ah  +  a^^  2  ah 

EXERCISE  199  (Oral) 

1.  What  is  the  sum  of  two  times  a  number  and  three 
times  the  same  number  ?     What  is  the  sum  of  2  a;  and  82;? 

2.  What  is  the  sum  of  4a;  and  3a:?  of  8a  and  3a?  of 
66and2J?  of  66and46? 

3.  What  is  the  difference  between  8  x  and  3  a;  ?  6  a:  and 
2a;?  116  and  7  J?  8a  and  a? 

4.  Add  5  X  and  1  x;  4:x  and  9  a? ;  9  J  and  6  6;  10  t/  and 

6  y  ;  12  a;  and  4  x. 

5.  Subtract  4  x  from  9  a; ;  8  a;  from  14  a; ;  9  a;  from  16  x  ; 

7  X  from  13  a? ;  6  aft  from  8  ab. 

6.  Find  the  difference  between  11  y  and  2  y  ;  5  ab  and 
ab  ;  7  ab  and  4  aft  ;  12  aft  and  2  aft. 

332.  Every  sentence  conveys  a  thought.  The  sum  of 
3  and  4  is  7.  This  sentence  is  expressed  in  the  language 
of  mathematics  as  follows  :  8  4-4=7.  (1)  Let  us  write 
another  sentence  :  The  difference  between  18  and  7  is  11. 
This  sentence,  written  in  mathematical  language,  is  18  —  7 
=  11.  (2)  Let  us  write  a  third  sentence  :  Two  thirds  of 
27  is  18.  In  mathematical  language  this  sentence  is 
written  f  x  27  =  18.  (3)  The  statements  (1),  (2),  (3), 
are  called  equations.  An  equation  is  a  statement  in 
symbols  that  two  expressions  are  equal  to  each  other. 

The  part  of  an  equation  to  the  left  of  the  sign  of  equal- 
ity is  called  the  firat  member  of  the  equation ;  the  part  of 
an  equation  to  the  right  of  the  sign  of  equality  is  called 
the  second  member  of  the  equation. 
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333.    What  is  the  product  of  a  and  a  ?     a  x  a  =  a^. 
What  is  the  product  of  a  and  a^?    ax  a^  =  a  x  a  x  a 
=  a8. 

What  is  the  product  of  a^  and  a^?     a^  =  a  x  a;  €fi=: 
a  X  a  X  a. 

.-.  o2  X  flS  =  (a  X  a)  X  (a  X  a  X  o)  =  a*. 
What  is  the  product  of  a*  and  a^  ? 
a^=z  a  X  ax  a  x  a. 
a^  =  a  X  a  X  a. 
.-.  a^  X  a^  =  (^a  X  a  X  a  X  a}  X  (^a  X  a  X  a)  =:  a^. 
What  is  the  product  of  4  d^  and  6  a^  / 
4a2  =  4  X  a  X  a. 
5a«=5xaxaxa. 
.'.  4a2x5a3=4xaxax6xaxaxa  =  4x5xaxa 
X  a  X  a  X  a  =  20  a^.     (Associative  Law.) 

EXERCISE  200  (Oral) 


1. 

a  x2a  =  ? 

7.   3a  X  6a8  =  ? 

13.  468x3*  =  ? 

2. 

2axaa=? 

8.   9aa  X  2a8  =  ? 

X4.   668x4J8  =  ? 

3. 

3a2xa  =  ? 

9.   4a8x  a2=? 

IS.  2J2x5J  =  ? 

4. 

3a2x2a2=? 

10.   5a^  X  4:x=? 

16.  4y2x3y8=? 

5. 

4a  xa8=? 

11.   6a?Xir8  =  ? 

17.   7  a2  X  5  a  =  ? 

6. 

7aax2a2  =  ? 

12.   56  x62  =  ? 

18.   4  y  X  8  68  =  ? 

334.   What  is  the  quotient  when  cfi 

is  divided  by  a  ? 

a^  -i-  a  = 

a^     a  X  a  xa                     „ 

a             a 

/%    w   —    vw    . 

Here  we  utilize  our  knowledge  of  cancellation. 

What  is  the  quotient  of  8  o^  by  2  a  ? 
4 

8a8^2a  =  |^  =  2^iiLX.^^L£=,4xaxa  =  4a«. 
2a  ^  x  a 
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1. 

2.    ^ 


1 

EXERC 

ilSE  201  ( 

Oral) 

?ind  the  following  quotients : 

¥a        - 

21  a8 
7aa 

11. 

22  a8 
2aa 

16. 

35  a:* 
5a« 

21. 

60  a* 
10  a* 

'-i-       '• 

28  a* 
14  a* 

12. 

16  a6 
4a8 

17. 

39  a* 
13  a; 

22. 

26  a* 
13  a; 

12a      „ 
4  •     '• 

18  a* 
3a8 

13. 

32  «« 
16  a* 

18. 

42  a^ 
6a? 

23. 

33  J2 
116 

16  a2     ^ 
4a»'    *• 

24  a* 

8a2 

14. 

24  a8 
8a8 

19. 

45  a:* 

9a; 

24. 

486* 
166' 

12<  10. 

4a 

11  a* 
a 

15. 

25  a* 
6a2 

20. 

50  a* 
10  a;* 

25. 

4666 
236* 

5. 


RATIO 

335.  We  have  seen  that  the  ratio  of  one  number  a  to 
another  number  6,  is  the  quotient  obtained  by  dividing  a 
hjh. 

The  ratio  of  a  to  J  is  written  a  :  b.  When  the  quo- 
tient a  -f-  6  is  written  ^,  we  call  the  expression  f  a  fraction. 

0  0 

The  ratio  i  :  a  is  called  the  inverse  ratio  of  a  to  5. 

EXERCISE  202  (Oral) 

1.  What  is  the  ratio  of  2  ft.  to  6  ft.  ? 

2.  What  is  the  ratio  of  4  in.  to  1  yd.  ?  of  3  in.  to  1  yd.  ? 
of  1  yd.  to  1  rd.  ?  of  J  rd.  to  1  rd.  ? 

3.  What  is  the  ratio  of  80  A.  to  1  sq.  mi.  ?  of  120  A. 
to  1  sq.  mi.  ?  of  J  A.  to  2  A.  ? 

4.  What  is  the  ratio  of  the  distance  traveled  by  two 
trains  in  the  same  time,  if  the  rate  of  the  first  train  is  20 
mi.  per  hour,  and  the  rate  of  the  second  train  is  30  mi. 
per  hour  ? 
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5.  If  A  walks  at  the  rate  of  2^  mi.  per  hour,  and  B 
walks  at  the  rate  of  5  mi.  per  hour,  what  is  the  ratio  of 
A's  time  to  B's  time  in  going  any  given  distance  ? 

6.  What  is  the  ratio  of  the  time  that  8  men  take  to  do 
a  piece  of  work  to  the  time  that  6  men  take  to  do  the  same 
piece  of  work  ? 

7.  If  you  ride  in  a  carriage  at  the  rate  of  7  mi.  an  hour 
and  walk  back  the  same  distance  at  the  rate  of  3  mi.  an 
hour,  what  is  the  ratio  of  the  time  in  the  carriage  to  the 
time  walking  ? 

8.  What  is  the  ratio  of  the  price  of  7  lb.  of  sugar  to  the 
price  of  10  lb.  of  sugar  of  the  same  kind  ? 

9.  What  is  the  ratio  of  the  work  done  by  6  men  to  the 
work  done  by  9  men  ? 

10.  What  is  the  ratio  of  the  time  that  9  men  take  to  do 
a  piece  of  work  to  the  time  that  6  men  take  to  do  the 
same  work  ? 

11.  I  can  buy  two  kinds  of  matting  for  40^  and  50  f^  a 
yard  respectively.  If  I  spend  the  same  amount  of  money 
in  the  purchase  of  the  two  kinds  of  matting,  what  is  the 
ratio  of  the  number  of  yards  of  matting  of  the  first  kind 
to  the  number  of  yards  of  the  second  kind  bought  ? 

12.  Divide  15  in  the  ratio  2 :  3. 

13.  Divide  20  in  the  ratio  3 :  7. 

14.  Divide  |1  in  the  ratio  18 :  7. 

15.  Divide  1  mi.  in  the  ratio  7  :  9. 

16.  Divide  1  in  the  ratio  9 :  11. 

17.  Divide  1  gal.  in  the  ratio  1 :  3. 

18.  Divide  $1  in  the  inverse  ratio  9 :  16. 

19.  Divide  22  yd.  in  the  inverse  ratio  3 :  8. 

20.  Divide  f  1000  in  the  inverse  ratio  3  :  5. 
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336.  A  statement  indicating  that  two  ratios  are  equal 
is  called  a  proportion.  Tbus>  the  ratio  of  two  to  three 
equals  the  ratio  of  four  to  six.  Expressed  in  the  language 
of  mathematics  the  statement  becomes,  2:3  =  4:6.     (1). 

Statement  (1)  is  a  proportion.  Another  example  of  a 
proportion  is  the  statement :     9 :  15  =  12 :  20.  (2). 

Statement  (2)  is  a  proportion  because  the  value  of  the 
first  ratio  is  |,  and  the  value  of  the  second  ratio,  i.e.  12 :  20, 
is  also  |. 

Statement  (2)  may  read  9  is  as  large  compared  with 
15  as  12  is  compared  with  20. 

The  first  and  fourth  terms  of  a  proportion  are  called 
the  extremes,  and  the  second  and  third  terms  are  called 
the  means,  of  the  proportion. 

337.  In  a  proportion  the  product  of  the  extremes  is 
equal  to  the  product  of  the  means. 

Let  aib^cid  be  any  proportion  whatever.  Then 
ad  =  he. 

Proof.     ?  =  ^.     Multiply  each  member  by  hd.    We 
0     d 

then  get  ^^  =  —r*     •'•  By  cancellation  ad  =  he. 
0         d 

This  property  of  a  proportion  enables  us  to  find  any 
"term  of  a  proportion,  if  three  of  the  terms  of  the  propor- 
tion are  known. 

The  proportion  a :  J  =  c :  rf  is  sometimes  written  a :  J  : : 
c :  d.  The  double  colon  used  as  a  sign  of  equality  is  now 
rapidly  becoming  obsolete. 

838.   Example  1.     Find  x  in  the  proportion  a: :  4  =  9 :  6. 

Solution.  The  product  of  the  extremes  is  equal  to 
the  product  of  the  means. 

/.  6a;=s:86.  ir»6. 

2b 
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Example  2.     Find  x  in  the  proportion  10  :  36  =  a; :  42. 

Solution.  Since  the  product  of  the  means  is  equal  to 
the  product  of  the  extremes, 

35  a;  =10x42. 
.-.       a;  =  10  X  H  =  12. 
Two  numbers  which  vary  directly  are  said  to  be  directly 
proportional.     Two  numbers  which  vary  inversely  are  said 
to  be  inveraely  proportional. 

EXERCISE  203 
If  X  stands  for  the  unknown  term  in  each  of  the  follow- 
ing proportions,  find  it : 

1.  2:8  =  6:a;.  13.   57  :  133  =  a: :  126. 

2.  3:4  =  6:a;.  14.   68:  85  =  a::  75. 

3.  15:  25  =  12:  a;.  15.   36:  a;  =  52:  65. 

4.  12:  20  =  18: a:.  16.   28:a:=36:63. 

5.  14:21  =  a;:27.  17.   27:a;  =  15:50. 

6.  21:27  =  a;:45.  18.   15:a:=21:77. 

7.  35:84  =  a;:72.  19.   28:a;=36:81. 

8.  20:  48  =  a;:  96.  20.   25:  a;  =  45:  72. 

9.  16:  24  =  a;:  33.  21.   35:  a:  =  30:  48. 

10.  20:  32  =  a::  72.  22.  a::  81  =  16:  72. 

11.  25:  45  =  a;:  99.  23.  a;:  99=  26: 117. 

12.  45: 126  =  a;:  154.  24.  a::65  =  24:52. 

25.  a::  112  =  45: 144. 

339.  Example  1.  If  7  bu.  of  wheat  cost  $5.25,  find  the 
cost  of  11  bu.  of  wheat  at  the  same  rate. 

Solution.  It  is  reasonable  to  assume  that  the  price  of 
11  bu.  of  wheat  is  greater  than  the  price  of  7  bu.  of  wheat 
in  the  ratio  of  11  to  7.  .•.  The  price  of  11  bu.  of  wheat 
=  J^of  15.25  =  *8.25. 
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Example  2.  If  12  men  pave  a  street  in  15  da.,  how 
long  will  it  take  9  men  to  pave  a  street  of  the  same  area  ? 

Solution.  It  will  take  9  men  longer  than  it  takes  12 
men  in  the  ratio  of  12  to  9.  •  /.  The  time  9  men  take  = 
^  of  15  da.  ==  20  days. 

To  solve  a  problem  in  proportion,  find  first  the  relation 
of  the  answ-er  to  the  quantity  of  the  same  kind  as  the 
answer  given  in  the  problem.  Second :  Multiply  this 
quantity  by  the  ratio  of  the  answer  to  this  quantity. 

EXERCISE  204  (Written) 

1.  If  20  men  earn  $450  in  a  given  time,  how  much 
will  30  men  earn  in  the  same  time  ? 

2.  If  15  bu.  of  corn  cost  $7.20,  what  will  48  bu.  of 
corn  cost? 

3.  If  12  A.  of  land  cost  $456.90,  what  will  16  A.  of 
the  same  land  cost  ? 

4.  If  4  men  can  do  a  piece  of  work  in  15  da.,  how  long 
will  it  take  6  men  to  do  an  equal  amount  of  work  ? 

5.  If  18  head  of  cattle  cost  $1450,  what  will  27  head 
of  cattle  cost  at  the  same  rate  ? 

6.  If  a  train  goes  400  mi.  in  12  hr.,  how  long  will  it 
take  to  go  560  mi.  ? 

7.  If  8  masons  build  a  wall  in  15  da.,  how  long  will  it 
take  6  masons  to  build  a  wall  of  the  same  size  ? 

8.  If  18  horses  consume  14  bu.  of  corn  in  a  given  time, 
how  much  will  24  horses  consume  in  the  same  time  ? 

9.  If  18  horses  plow  a  tract  of  land  in  13  da.,  how 
long  will  it  take  26  horses  to  plow  the  same  tract? 

10.  If  105  sheep  eat  a  quantity  of  feed  in  30  da.,  how 
long  will  it  take  126  sheep  to  eat  a  quantity  of  feed 
equally  large? 
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11.  A  garrison  consisting  of  1200  men  has  provisions 
for  16  da.  How  many  men  must  be  sent  away  so  that  the 
provisions  may  last  24  da.  ? 

12.  A  garrison  consisting  of  1400  men  has  provisions 
for  27  da.  If  the  garrison  is  reenforced  by  400  men,  in 
how  many  days  will  the  provisions  be  consumed  ? 

13.  If  I  can  buy  a  dozen  turkeys  for  $20.50,  how  many 
turkeys  can  I  buy  for  130.75  ? 

14.  If  the  interest  on  15  750  for  4  mo.  is  112.50,  what  is 
the  interest  on  $39.60  for  the  same  time? 

15.  If  an  arc  of  12''  on  the  40th  parallel  of  latitude  is 
933.92  ft.,  find  the  length  of  1°  on  the  40th  parallel  of 
latitude. 

16.  If  an  arc  of  30'  on  the  circumference  of  a  wheel  is 
IJ  in.,  find  the  length  of  the  circumference  of  the  wheel. 

COMPOUND  PROPORTION 

840.  If  the  product  of  the  corresponding  terms  of  two 
or  more  ratios  are  taken,  the  ratio  of  the  resulting  products 
is  called  the  ratio  compounded  of  these  ratios.  For  ex- 
ample, the  ratio  compounded  of  the  ratios  2 :  3,  4 :  5,  7:8, 
is  the  ratio  2x4x7:3x5x8,  or  56: 120,  or  7: 15. 

A  proportion  in  which  the  final  result  depends  upon 
a  ratio  compounded  of  two  or  more  ratios  is  called  a 
compound  proportion. 

The  equality  of  one  ratio  and  of  two  or  more  ratios 
which,  when  compounded,  give  an  equivalent  ratio,  is  called 
a  compound  proportion.  A  concrete  example  may  give 
a  clearer  conception  of  proportion  than  any  formal 
definition. 
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341.  Example  1.  If  15  men  mow  90  A.  in  12  da.,  how 
many  acres  will  12  men  mow  in  14  da.  ? 

Solution.  The  12  men  in  a  given  time  will  mow  less 
than  15  men  in  the  same  time.  .•.  The  12  men  in  12  da. 
will  mow  ^  of  90  A.  But  the  12  men  in  14  da.  will  mow 
more  than  this  quantity  in  the  ratio  14  :  12.  .*.  12  men  in 
14  da.  will  mow  \\  of  \\  of  90  A.  =  ||  of  90  A.  =  84  A. 

Example  2.  If  24  men  build  a  house  in  18  da.  of  10 
hr.  each,  how  many  men  will  it  take  to  build  the  same 
house  in  30  da.  of  8  hr.  each  ? 

Solution.  Step  1.  It  will  take  fewer  men  to  build  a 
house  in  80  da.  than  it  will  take  to  build  it  in  18  da.  of 
the  same  length. 

.'.  The  number  of  men  it  will  take  to  build  the  house 
in  30  da.  of  10  hr.  each  =  J|  of  24  men. 

Step  2.  More  men  are  needed  when  they  work  8  hr.  a 
day  than  when  they  work  10  hr.  a  day. 

.%  The  number  of  men,  in  30  da.  of  8  hr.  each,  required 
to  build  the  house  =  -^^  of  ^^  of  24  men  =  18  men. 

EXERCISE  205  (Written) 

1.  If  12  horses  plow  84  A.  in  6  da.,  how  many  acres 
will  16  horses  plow  in  4J  da.  ? 

2.  If  14  men  pave  a  street  200  ft.  long  in  8  da.,  how 
many  feet  will  12  men  pave  in  7  da.  ? 

3.  If  a  man  earns  $117  in  3  mo.  working  6  hr.  a  day, 
how  much  will  he  earn  in  5  mo.  working  8  hr.  a  day  ? 

4.  A  garrison  of  3650  men  consumed  in  30  da.  82.3  T. 
of  food.  How  much  food  would  be  required  for  7600 
men  for  1  yr.  at  the  same  rate  ? 
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5.  If  8  masons  build  iu  2  da.  a  wall  40  ft.  long  and 
6  ft.  high,  what  height  of  wall  30  ft.  long  can  they  build 
in  5  da.  ? 

6.  If  21  men  complete  a  piece  of  work  in  8  da.  of  7^ 
hr.  each,  in  how  many  days  of  10  hr.  each  can  18  men 
do  the  same  work  ? 

7.  A  wall  is  to  be  built  in  10  da.  by  30  men.  After 
2  da.  10  men  are  dismissed.  In  what  time  will  the 
remaining  20  men  finish  the  work? 

8.  If  4  men  or  6  boys  dig  a  trench  in  12  da.,  in  what 
time  can  2  men  and  9  boys  dig  it  ? 

9.  If  12  men  mow  30  A.  in  3  da.  of  8  hr.  each,  how- 
many  hours  a  day  must  16  men  work  to  mow  48  A. 
in  4  da.  ? 

10.  If  the  interest  on  f  100  for  1  yr.  is  16,  find  the 
interest  on  f  840  for  2  yr.  3  mo. 

11.  If  12  men  working  7  hr.  a  day  earn  $227.50  in  20 
da.,  how  much  will  15  men  earn  in  20  da.,  working  9  hr. 
each? 

12.  If  6  men  mow  |  of  a  meadow  in  4 J  da.,  how  long 
will  it  take  8  men  to  mow  the  remainder  ? 

13.  In  10  da.  of  8  hr.  each  9  horses  can  plow  f  of  a 
field.  In  how  many  days  of  9  hr.  each  can  the  remainder 
of  the  field  be  plowed  by  15  horses  ? 

14.  A  marble  block  3  ft.  by  4  ft.  and  5  ft.  in  length 
weighs  5.1  T.  Find  the  weight  of  a  marble  block  7  ft. 
by  3  ft.  and  10  ft.  long. 

15.  A  mason  can  build  3  yd.  of  a  wall  in  15  hr.  How 
long  will  it  take  .9  masons  to  build  24  yd.  of  a  wall  which 
is  one-third  higher  than  the  other  wall  ? 
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5.  What  property  of  a  proportion  enables  you  to  find 
any  term  if  three  terms  are  given  ? 

6.  When  are  numbers  directly  proportional  ?     When 
are  they  inversely  proportional  ? 

7.  What  is  a  compound  ratio  ? 

8.  What  is  a  compound  proportion  ? 

9.  What  is  partnership  ? 

342.  Example.  A,  B,  and  C  enter  into  partnership. 
A  puts  in  $840,  B  puts  in  $350,  and  C  puts  in  $2000. 
A  withdraws  from  the  concern  in  5  mo.,  C  in  7  mo.,  and 
at  the  end  of  8  mo.  the  profits  are  divided.  If  the  entire 
profit  is  $450,  how  shall  this  be  divided  among  A,  B, 
and  C  ? 

Solution.  A  has  $840  in  the  concern  for  5  mo.  This 
is  equivalent  to  $4200  for  1  mo. 

B  has  $350  in  the  concern  for  8  mo.  This  is  equiva- 
lent to  $2800  for  1  mo. 

C  has  in  the  concern  $2000  for  7  mo.  This  is  equiva- 
lent to  $14,000  fori  mo. 

The  profits  will  be  divided  in  proportion  to  the  num- 
bers 4200,  2800,  14,000,  or  in  proportion  to  the  numbers 
3,  2,  10. 

3  -h  2  -h  10  =  15. 

.-.  A's  share  =  ^  of  the  profits  =  ^  of  $450  ==  $90. 
B's  share  =  ^^  ^^  ^^^  profits  ^  ^  of  $450  =  $60. 
C's  share  =  \^  of  the  profits  =  \^  of  $450  =  $300.   ' 

EXERCISE  206  (Written) 
1.   A,  B,  and  C  enter  into  partnership  with  capitals  of 
$3000,  $3750,  and  $4500  respectively.     At  the  end  of  the 
year  they  divide   among   themselves   a  profit  of  $3000. 
Find  each  person's  share. 


CHAPTER  XXI 

INVOLUTION,   SQUARE  ROOT,  AREAS 

343.  In  the  language  of  mathematics,  8x  means  three 
times  the  number  x;  i.e.  Sx  may  stand  for  three  times  any 
number  whatever. 

a  +  b  stands  for  the  sum  of  any  two  numbers,  a  and  b. 
a  —  b  stands  for  the  difference  of  two  numbers,  a  and  b.  In 
other  words,  a  —  6  is  the  number  which  when  added  to  b 
gives  a  for  sum. 

ah  stands  for  the  product  of  two  numbers,  a  and  J. 

T-  stands  for  the  quotient  obtained  by  dividing  a*  by  b.     In 
other  words,  r  is  that  number  which  when  multiplied  by 

b  gives  a  for  product. 

a^  stands  for  the  square  of  a.  a?  stands  for  the  cube  of  a, 
(a  -h  6)2  stands  for  the  square  of  the  sum  of  two  numbers, 
a  and  b. 

(a  —  J)2  stands  for  the  square  of  the  difference  of  two 
numbers,  a  and  b. 

7  ab  stands  for  seven  times  the  number  a6,  which  is 
itself  the  product  of  two  numbers,  a  and  b. 

^"^  +  ^~"  stands  for  one-half  the  sum  of  two  num- 
bers plus  one-half  their  difference. 

(a  +  6)a?  stands  for  the  product  of  a  number,  a;,  by  the 
sum  of  two  numbers,  a  and  b. 

426 
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(a  —  h)x  stands  for  the  product  of  a  number,  aj,  by  the 
difference  of  two  numbers,  a  and  h. 

EXERCISE  207  (Oral) 


Add: 

1.  2x 

a.  7y 

3.  4a        4 

.  9J 

5.   42 

6. 

11a 

3x 

8y 

9a 

7J 

7« 

7a 

5x 

?Ji 

11a 

M 

9a 

5a 

7.  iai 

8.  9zy 

9.  Uc 

10. 

12aJ 

11. 

9ab 

5ab 

Ixy 

The 

15  aJ 

4ab 

lab 

Sxy 

11  be 

10  ai 

5ab 

La.  Tbc 

13.  ax    14. 

,  10  a;     15. 

116 

16.  12  TO 

17. 

11a; 

Sbc 

b_x 

ax 

ab 

aTO 

bx 

9  be 

EXERCISE  208  (Oral) 

1.  7a;  — 4a;  =  ?       7.  16a— lla  =  ?  13.  2xy  —  x}/=? 

2.  6a;-a?  =  ?  8.  17a-12a  =  ?  14.  14a;y- 10a;y  =  ? 

3.  lla:-8a:  =  ?     9.  18a-18a=:?  15.  17a:y-9a:y  =  ? 

4.  12a:-2a;  =  ?    10.  12aJ-8aJ=?  16.  19a;y-7a:y  =  ? 

5.  5a;  — 3a;  =  ?     11.  lloJ  — 4a6  =  ?  17.  ax-^hx^^l 

6.  12a  — a  =  ?       12.  5ab  —  ab  =  ?  18.  cx  —  dx  —  1 

19.  mx  —  nx=:? 

344.   Example  1.    Multiply  4  a;  by  5  a?. 

Solution.     4a:x5a;=4xa;x6xa;=4x5xa;xa;=20a?. 

Example  2.    Multiply  7  a?y  by  3  a:y*. 

Solution.     7a^i/xSxy^=(7  xxxxxy)x(Sxxxyxy) 
^1  xxxxxxxyxyxy^2\ ofij^.     (Associative  Law.) 
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Example  3. 
Solution. 


Multiply  a:  +  y  by  a. 

We  multiply  x  by  the  multi- 
plier and  write  the  result,  ax. 
We  next  multiply  y  by  a  and 
write    the    product,    ay.      This 


x+y 

a 

ax-\-ay 


process  may  be  graphically  represented  as  follows: 

LetI)U=x, 
EC^y. 
BC^a. 

The  rectangle 
ABCD  has  for  its 
dimensions  a:  -♦-  y, 
and  a.  Its  area= 
(x+y^a.  Also  the 
rectangle  ABCD 
=  the  rectangle  AFED  +  the  rectangle  EBCE^  ax  +  ay. 

(x  +  y^a=:  ax  -{-  ay.  Hence,  we  have  the  following 
statement: 

The  product  of  a  third  number  and  the  sum  of  two  other 
numbers  equals  the  sum  of  the  products  of  the  third  number 
and  each  of  the  two  other  numbers.  (1) 

Example  4.   Multiply  (x  —  y)  by  a. 

Let  AB  =  a;,  d 

EB  =  y, 
BO=a. 
Then^J'^a^-y.     o 

The  rectangle 
AFED  =  the  rect- 
angle ABCD  -  the 
rectangle  FBOE. 
But  the  rectangle  AFED  =  (a:  —  y)a, 
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The  rectangle  ABCD  =  ax^ 
The  rectangle  FBOE^  ay, 

(x  —-  y)a  =  ax  —  ay. 
Hence,  we  have  the  following  statement : 
The  product  of  the  difference  of  two  numbers  and  a  third 
number  equals  the  difference  of  the  products  of  the  third 
number  and  each  of  the  other  two  numbers.  (2} 

Example  5.    What  is  the  square  of  a  +  6  ? 

We  multiply  a  +  h  by  a,  and  write  the 

^  result,  a^  -h  ah.     We  next  multiply  a  -f  6  by 

2        -T  h  and  write  the  result,  ab  +  V^.     We  then 

,     ^j  I  j2    add.      The   first   two   steps  are   a  conse- 

^2  I  2  aJ  -f  62    quence  of  statement  (1).      The  following 

is  a  graphical  representation  of  the  result  : 


a  + 
a  + 


A  a  L       Z>       B 

Let  AL  =  a, 
LB^h. 
Then  ^5  =  a  +  J. 
Let  ABCD  be  the  square  on  AB,  ALHGI-  be  the  square 
on  AL.     Then  HYCK  is  the  square  on  J,  and  GHKD  = 
LBYH,  because  their  dimensions  are  equal  to  each  other. 
Now,  ABOD  =  ALHa  +  aSKD  +  HTOK-\^  LBYR^ 
ALHa  +  EYGK^  2  aEKB, 
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/.  (a  +  by  =  a^-\'l^+2  ah.  Hence,  we  have  the  follow- 
ing important  conclusion : 

The  square  of  the  sum  of  two  numbers  equals  the  square 
of  the  first  number  plus  the  square  of  the  second  number  plus 
twice  the  product  of  the  two  numbers.  ^3) 

345.  The  process  of  finding  the  power  of  a  number  is 
called  involution. 

346.  Uxample  1.    Square  x-\-9.     From  Statement  (3) 
we  have  (a: -♦-9)2  =  a?-|- 92-1-2  x  9  x  a?  =  a^^ +  81 -h  ISrc,  or. 
a?  +  lSx-\-81. 

Example  2.    What  is  the  square  of  43  ? 
Solution.    43^  =  (40  -f-  3)2  =  40a  -h  3^  -h  2  x  40  x  3  = 
1600  +  9  +  240=1849. 

EXERCISE  209  (Written) 
Find  by  Statement  (3)  the  square  of : 


1. 

10 +a;. 

7. 

70+6. 

13. 

29. 

19. 

72. 

25. 

89. 

2. 

20+ a:. 

8. 

80 +  t?. 

14. 

37. 

20. 

76. 

26. 

92. 

3. 

30+ a;. 

9. 

90+y. 

15. 

47. 

21. 

78. 

27. 

93. 

4. 

40+ a;. 

10. 

14. 

16. 

54. 

22. 

79. 

28. 

67. 

5. 

50+ic. 

U. 

15. 

17. 

62. 

23. 

84. 

29. 

98. 

6. 

60+ a. 

12. 

24. 

18. 

68. 

24. 

87. 

30. 

66. 

EXERCISE  210  (Written) 

1.  Find  the  square  of  .1,  .2,  .3,  .4,  .6,  .6,  .7,  .8,  .9. 

2.  Find  the  square  of  the  reciprocals  of  the  numbers 
from  1  to  20  inclusive. 

3.  Find  the  squares  of  f,  f,  f,  f  ^,  \\,  y,  ^. 

4.  Find  the  squares  of  f ,  J,  f  IJ,  1|,  1|,  2^,  6J. 

5.  How  does  the  square  of  a  fraction  compare  in  value 
with  the  fraction  itself  ? 
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6.  Find  the  cubes  of  the  reciprocals  of  the  numbers 
from  1  to  20  inclusive. 

7.  Find  the  value  of  !«  +  2«  +  38  -h  48.  +  58+68-1-73 
+  88  +  98  +  108. 

8.  Find  the  value  of  1*  +  2*  +  3*  +  4*  +  5*  +  6*  +  7* 
+  8*  +  9*  +  10*. 

9.  Square  each  of  the  following  numbers  and  give 
the  product  correct  to  four  decimal  figures:  (a)  1.732, 
(6)  9.256,  ((?)  5.401,  (d)  8.129,  (0  .6834,  (/)  .7609, 
(^)  9.482,  <Ji)  .7071,  (i)  .7746,  (y)  .9487. 

10.  Find  the  value  of  1^  +  2*^  +  32  +  42  +  5^  +  6^  +  72 
+  82  +  92  +  102. 

11.  Find  the  cube  of  .1,  .2,  .3,  .4,  .5,  .6,  .7,  .8,  .9. 

12.  Find  the  value  of  (1.04)*,  (1.05)S  (1.06)*,  (1.07)*. 

EVOLUTION 
Square  Root 

347.  By  the  square  root  of  a  number  is  meant  that  num- 
ber which  when  squared  produces  the  given  number. 
Thus,  4  is  the  square  root  of  16,  since  42=16.  7  is  the 
square  root  of  49  for  a  similar  reason. 

The  square  root  is  defined  also  as  one  of  the  two  equal 
factors  of  a  number.  Thus,  7  x  7  =  49.  One  of  the  factors 
is  the  square  root  of  49. 

The  symbol  for  square  root,  V'  is  called  the  radical 
sign.  It  is  a  degenerate  form  of  the  first  letter  of  the 
word  radix^  the  I^atin  word  for  root.  The  exponent  J  is 
also  used  as  a  sign  for  the  square  root.  V49,  49i  are  the 
two  ways  of  indicating  the  same  process,  namely,  the 
extraction  of  the  square  root  of  49. 

The  number  written  under  the  radical  sign  is  called  the 
radicand. 
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348.    Example  1.    What  is  the  square  root  of  5829  ? 
Solution.     By  trial  we  find  the  square  root  of  5329  is 
more  than  70  and  less  than  80. 


.-.  V6329  =  70  +  a:. 

.-.  5829  =  4900  +  140  a;  +  a?.     Statement  (8). 
Subtracting  4900,  we  get', 
140aj  +  a^  =  429. 
/.  (140  +  x)x  =  429. 
Since  140  is  contained  in  429  8  times,  we  try  8  as  a  value 
^f  ^-  (140  +  3)3  =  429. 

.-.  V6329  =  70  +  3  =  78. 

Example  2.    V9025  =  ? 
Solution.     V9025  =  90  +  a:. 

.-.  9025  =  8100  + 180  a: +a;2.    Statement  (3). 
.-.  180a;  +  a^^=  925. 
.-.  (180  +  x^x  =  925. 
Since  180  is  contained  in  926  6  times,  we  try  5  for  the  next 
figure  of  the  root.  ^^gQ  +  5^5  ^  925. 

.-.  V9025  =  90  -h  5  =  95. 

In  practice,  the  work  is  contracted  as  follows:  Beginning 

at  the  decimal  point,  point  off  the  figures  of  the  number 

Q    r    in  periods  of  two  figures  each.     By  trial  find 

90  25    *^®  greatest  digit  whose  square  is  contained  in 

o^  the  number  denoted  by  the  period  to  the  left. 

18^1  9  25    ^^^^®  ^^  ^®  ^^®  fi^®^  figure  of  the  root,  and  write 

q  oc    also  its  square.     Subtract  the  latter  from  the 

period  to  the  left  and  bring  down  the  next 


period.     Double  the  part  of  the  root  just  found  for  trial 
divisor.     Find  next' the  number  of  times  the  trial  divisor 
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is  contained  in  the  number  denoted  by  the  remainder  and 
the  period  brought  down.  Write  this  result  in  the  quotient 
and  in  the  divisor  and  then  multiply. 

EXERCISE  211  (Written) 
Find  the  square  root  of: 

1.  169.  7.   2809.         13.   7056.         19.   7921. 

2.  441.  8.   3844.         14.    7569.         ao.   6084. 

3.  ^625.  9.   4225.         15.   8464.         21.   4761. 

4.  961.         10.   5329.         16.   9216.         22.   3481. 

5.  1024.         11.    5776.         17.    9604.         23.   2401. 

6.  1849.         12.    6724.         18.    9801.         24.   8364. 


3    5 
12  74  49 
9 

65 

3  74 
8  25 

349.    Example        V127449  =  ? 

Solution.  We  divide  the  figures  of  the 
number  into  periods  of  two  as  in  the  pre- 
vious exercises.  We  then  proceed  to  extract 
the  square  root  of  the  number  denoted  by 
the  two  periods  to  the  left. 
^Q  .  Q  The  answer  is  obviously  350  +  some  number. 
Let  X  represent  this  number;  we  have  then 

350  +  a:  =  V127,449. 
.-.  (350  +  xy  =  127,449. 
0-.  122,500  +  700x  +  2^=  127,449. 
.'.  700  a:  +  a?  =  4949. 
.-.(700  + a;)  =4949. 

Since  700  is  contained  in  4900  7  times,  we  try  7  as  a  value 
of  a;. 

(700  -f-  7)7  =  4949. 

.-.  V127449  =  350  +  7  «  357. 
2v 
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Notice  the  trial  divisor  is  twice  the  part  of  the  root 
found.  Therefore  in  a  problem  in  square  root  where  the 
radicand  is  an  integer  consisting  of  five  or  six  figures,  we 
may  proceed  in  exactly  the  same  way  as  we  have  done  in 
a  problem  consisting  of  four  figures.  Beginning  once 
more,  the  solution  in  its  contracted  form  stands  as  follows : 


65 

707 


3    6    7 
12  74  49 
9 

3  74 
3  25 

49  49 
49  49 

The  trial  divisor  is  always  twice  the  part 
of  the  root  already  found. 


EXERCISE  212  (Written) 
Extract  the  square  root  of: 


1. 

100,489. 

7. 

229,441. 

13. 

474,721. 

2. 

110,224. 

8. 

277,729. 

14. 

501,264. 

3. 

120,409. 

9. 

310,249. 

IS. 

654,481. 

4. 

171,396. 

10. 

354,025. 

16. 

772,641. 

5. 

190,096. 

11. 

391,876. 

17. 

819,025. 

6. 

199,809. 

12. 

456,976. 

18. 

826,281. 

350.  To  extract  the  square  root  of  a  decimal,  begin  at 
the  decimal  pointy  and  proceeding  to  the  right,  point  off 
the  figures  in  periods  of  two.  Next  proceed  as  if  the 
number  were  an  integer.  Thus,  in  taking  the  square  root 
of  .0225,  we  first  point  off  in  periods  of  two  figures  each. 
We  then  have  .02  25.  Next  extract  the  root  of  the  num- 
ber denoted  by  the  figures  225.  The  result  is  16.  Hence, 
the  required  root  is  .16. 
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To  extract  the  square  root  of  a  number  part  integer  and 
part  decimal,  begin  at  the  decimal  point  and  proceeding  to 
the  left,  point  off  the  integral  part  in  periods  of  two  figures 
each;  next  point  off  the  decimal  part  in  periods  of  two 
figures  each,  beginning  at  the  decimal  point.  If  there  are 
not  enough  figures  in  the  decimal  part  to  make  an  exact 
number  of  periods,  annex  a  cipher,  or  as  many  ciphers  as 
are  necessary  to  make  the  required  number  of  periods. 

351.    Example  1.    Extract  the  square  root  of  1.7. 
1.    3    0    3    8    4 

/  We  double  1   for  the  first  trial 

divisor;  we  double  13  for  the  next 
trial  divisor.  We  then  find  the  next 
figure  of  the  root  is  0.  We  write  it 
in  the  root  and  in  the  trial  divisor. 
We  then  annex  two  more  ciphers, 
and  find  the  next  figure  of  the  root 
is  3,  and  so  on. 


23  7 
6 

0 
9 

2603 

10000 
7809 

26068 

219100 
208544 

26076 

4  1065600 
1043056 

EXERCISE  213  (Written) 
Extract  the  square  root  of  : 

1.  .150932.         4.    .2909.  7.    .5319.  lo.    .083. 

2.  .246016.         5.    .2632.  8.    .61575.         ii.    .062. 

3.  .3448.  6.    .4616.  9.    .784.  12.    .0037. 

To  extract  the  square  root  of  a  fraction  when  its  numer- 
ator and  denominator  are  perfect  squares  is  a  simple 
matter.  Thus  the  square  root  of  |^  is  ^,  the  square  root 
of  1^1,  or  fi  is  f ,  or  If 
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To  get  the  square  root  of  a  fraction,  we  take  the  square 
root  of  the  numerator,  and  the  square  root  of  the  denomi- 
nator, and  then  write  the  former  result  for  numerator  and 
the  latter  result  for  denominator.  The  fraction  thus 
found  is  the  required  square  root. 

Example  1.    What  is  the  square  root  of  \\  ? 
SoLUTiolT.     Vl7  =  4.128;    V86  =  6. 

,.VJ|  =  ^=.687. 

Example  2.    What  is  the  square  root  of  Jf  ? 
Solution.      V23  ==  4.796;    V39  =  6.245. 
r—     4.796       7^0 

This  is  a  roundabout  way  to  take  the  square  root  of  ^. 
A  shorter  and  better  way  is  to  reduce  the  fraction  to  an 
equivalent  decimal,  and  then  to  extract  the  square  root 
of  this  decimal. 

To  extract  the  square  root  of  a  fraction  "^hoae  denomi- 
nator is  not  a  perfect  square,  reduce  the  fraction  to  an 
equivalent  decimal  and  then  extract  the  square  root  of 
this  decimal. 

EXERCISE  214  (Written) 

Extract,  to  three  decimal  figures,  the  square  root  of  : 

1.  1.2.  4.  5.2.         7.  3|.  10.  ^.  13.  f. 

2.  4.25.  5.  3.3.         8.  ^.  n.  ,2f  14.  f. 

3.  1.1.  6.    b\.  9.    If.  12.   ^.  15.   ^. 

EXERCISE  215 
Problems  involving  Square  Root 

1.   The  area  of  a  square  field  is  1  A.     Find  the  length 

in  yards  of  one  of  its  sides. 
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2.  The  area  of  a  square  field  is  12  A.  Find  the  length 
in  yards  of  one  of  its  sides. 

3.  The  dimensions  of  a  rectangle  are  289  yd.  and  196 
yd.     Find  the  side  of  an  equivalent  square. 

4.  The  dimensions  of  a  rectangle  are  IJ  mi.  and  .7  mi. 
Find,  correct  to  four  decimal  figures,  the  side  of  an  equiva- 
lent square. 

5.  Find  in  rods  the  perimeter  of  a  square  field  whose 
area  is  |^  of  a  square  mile. 

6.  The  area  of  a  rectangle  whose  length  is  twice  its 
breadth  is  10  A.  '  Find  its  dimensions  in  yards. 

Hint.  Draw  a  diagram,  divide  it  into  two  equal  parts  by  a  line 
parallel  to  its  width.    Notice  what  each  part  is. 

7.  The  area  of  a  rectangle  whose  length  is  three  times 
its  width  is  20  A.     Find  its  dimensicfns  in  yards. 

8.  A  square  and  a  rectangle  have  the  same  area,  namely 
40  A.  If  the  length  of  the  rectangle  is  twice  its  width, 
find,  in  rods,  the  difference  between  their  perimeters. 

352.  A  triangle  which  has  a  right  angle  is  called  a  right 
triangle. 

Let  ABC  (see  figure  on  page  437)  be  a  right  triangle, 
angle  A  being  the  right  angle. 

The  side  of  a  right  triangle  opposite  the  right  angle  is 
called  the  hypothenuse.  The  other  two  sides  are  called  the 
legB  of  the  right  triangle.  One  of  the  legs  is  called 
the  base  of  the  right  triangle,  and  the  other  leg  is 
called  the  altitude  of  the  right  triangle. 

353.  In  a  right  triangle  the  square  on  the  hypothenuse 
is  equal  to  the  sum  of  the  squares  on  the  two  legs.  This 
is  the  famous  Pythagorean  Theorem.  It  is  so  called 
because  Pythagoras,  a  Grecian  philosopher  of  the  sixth 
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century  B.C.,  first  proved  that  this  relationship  always 
exists  between  the  sides  of  a  right  triangle.  The  Pythag- 
orean Theorem  is  one  of  the  most  important  theorems  of 
elementary  mathematics. 

Designate  the  sides  of 
the  right  triangle  ABC  by 
the  letters  a,  6,  c.  (a +  6)2 
=  a2+J2^2a6  (Statement 
5).  But  (a  +  6)2  =  (?a  +  4 
triangles,  each  having  for 
its  base  and  altitude  a 
and  6.  Fig.  I  =  (j2  +  4x 
J  aJ  =  {?  +  2  aJ  (Associa- 
tive Law). 

...  a^+h^^^, 

354.  Hxample.    In  a  right  triangle  the  legs  are  7  and 
24.     Find  the  hypothenuse. 

Solution.  a^  +  b^^e^. 

.-.  72 +  242  =  A 

.-.  49  +  676  =  c2. 

.-.  (j2=625. 
.-.  (?=V625=25. 


EXERCISE  216 

1.  In  a  right  triangle,  given  a  =  6,  J  =  8,  find  c. 

2.  In  a  right  triangle,  given  a  =  5,  6  =  12,  find  e. 

3.  In  a  right  triangle,  given  a  =  8,  6  =  15,  find  c. 

4.  In  a  right  triangle,  given  a  =  20,  J  =  21,  find  c. 

5.  In  a  right  triangle,  given  a  =  56,  b  =  90,  find  c. 
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6.  In  a  right  triangle,  given  a  =  20,  6  =  99,  find  c. 

7.  In  a  right  triangle,  given  a  =  17,  6  =  144,  find  c. 

8.  In  a  right  triangle,  given  a  =  39,  6  =  80,  find  c. 

9.  In  a  right  triangle,  given  a  =  51,  6  =  140,  find  c. 

10.  In  a  right  triangle,  given  a  =  44,  6  =  52.5,  find  c. 

11.  In  a  right  triangle,  given  a  =  87,  b  =  416,  find  c. 

12.  In  a  right  triangle,  given  a  =  136,  b  =  273,  find  e, 

13.  In  a  right  triangle,  given  a  =  145,  b  =  408,  find  c. 

14.  In  a  right  triangle,  given  a  =  207,  b  =  224,  find  c. 

15.  A  ladder  is  placed  14  ft.  from  a  wall  48  ft.  high. 
How  long  must  the  ladder  be  to  reach  to  the  top  of  the 
wall? 

16.  Find  the  length  of  the  diagonal  of  a  square  if  one 
side  of  the  square  is  10  rods. 

17.  Find  the  length  of  the  diagonals  of  a  rectangle 
the  dimensions  of  the  rectangle  being  17  rd.  and  25  rd. 

355.  Example.  If  the  hypothenuse  of  a  right  triangle 
is  493  and  one  leg  is  468,  find  the  other  leg. 

Solution.  Let  the  required  leg  be  a.  Then  a^  +  468^ 
=  4932.     4682  =  219,024.     493^  =  243,049. 

.-.  a2  +  219,024  =  243,049.  Subtract  219,024  from  each 
member  of  the  equation. 

.-.  a2=  24,025. 

.-.  a=V24025=:155. 

EXERCISE  217 

1.  Hypothenuse  =  377,   base  =  345,  find  the  altitude. 

2.  Hypothenuse  =  545,   base  =  513,  find  the  altitude. 

3.  Hypothenuse  ^  449,   base  =  351,  find  the  altitude. 

4.  Hypothenuse  =  5.05,  base  =  4.56,  find  the  altitude. 
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5.  Hypothenuse  =  .461,  base  =  .38,  find  the  altitude. 

6.  Hypothenuse  =  .481,   alt.  =  .36,  find  the  base. 

7.  Hypothenuse  =  .641,   alt.  =  .609,  find  the  base. 

8.  Hypothenuse  =  .773,   alt.  =  .195,  find  the  base. 

9.  Hypothenuse  =  .697,   alt.  =  .528,  find  the  base. 

AREAS  OF  PLANE  TRIANGLES 

356.  The  following  rule  gives  the  area  of  any  triangle : 

1.  Add  the  three  sides  and  take  half  the  sum. 

2.  Subtract  each  side  separately  from  the  half  sum. 

3.  Find  the  continued  product  of  the  three  remainders 
and  the  half  sum. 

4.  The  square  root  of  this  product  is  the  area. 

The  proof  of  this  rule  is  too  difficult  to  be  given  in  an 
elementary  arithmetic.  This  rule  enables  one  to  find  the 
area  of  a  tract  of  land  such  as  a  farm. 

357.  Example.  Find  the  area  of  a  triangle  whose  sides 
are  34  ch.,  65  ch.,  and  93  ch. 

Solution  : 

34        96*       96        96 

65  34  65  93 
_93  62  31  3 
2)192 


96        Area  =  V96  x  62  x  31  x  3  =  V553535  =  .44. 
.-.  Area=  744  sq.  ch.  =  74.4  A. 

EXERCISE  218 
Find  the  area  of  each  of  the  following  triangles  : 

1.  Given  the  sides,  13,  20,  21. 

2.  Given  the  sides,  13,  30,  37. 

3.  Given  the  sides,  33,  34,  65. 
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4.  Given  the  sides,  35,  52,  73. 

5.  Given  the  sides,  29,  60,  85. 

6.  Given  the  sides,  140,  143,  157. 

7.  Given  the  sides,  607,  603,  721. 

8.  Given  the  sides,  46  rd.,  75  rd.,  109  rd. 

9.  Given  the  sides,  40  rd.,  61  rd.,  77  rd. 

10.  Given  the  sides,  3.6  ch.,  10  ch.,  11.7  ch. 

11.  Given  the  sides,  6.6  ch.,  6.1  ch.,  7.6  ch. 

12.  Find  area  of  triangle,  each  side  being  10  rd. 

13.  Find  area  of  triangle,  each  side  being  60  rd. 

REVIEW  QUESTIONS 

1.  How  is  the  product  of  one  number  and  the  sum  of 
two  others  obtained  ? 

2.  How  is  the  product  of  one  number  and  the  differ- 
ence of  two  other  numbers  obtained  ? 

3.  To  what  is  the  square  of  the  sum  of  two  numbers' 
equal  ? 

4.  What  is  involution  ? 

5.  What  is  meant  by  the  square  root  of  a  number  ? 

6.  What  are  the  two  symbols  for  square  root  ? 

7.  Define  radicand. 

8.  How  many  figures  are  in  the  square  root  of  a  per- 
fect square  consisting  of  five  figures  ? 

9.  Give  a  rule  for  extracting  the  square  root  of  integers. 
For  extracting  the  square  root  of  decimal  numbers. 

10.  How  is  the  square  root  of  a  fraction  obtained  when 
the  denominator  is  not  a  perfect  square  ? 

11.  State  the  Pythagorean  Theorem. 

12.  State  the  rule  for  finding  the  area  of  a  triangle 
when  the  three  sides  are  given. 


CHAPTER  XXII 

MENSURATION  OF  THE  CIRCLE,  ETC. 

368.  Take  a  string  and  find  the  length  of  the  circum- 
ference of  a  circle.  Take  another  string  and  find  the 
length  of  the  diameter  of  the  circle.  Divide  the  former 
result  by  the  latter  to  get  the  ratio  of  the  circumference 
of  the  circle  to  its  diameter. 

We  shall  let  c  represent  the  length  of  the  circumference 
of  a  circle,  d  the  length  of  the  diameter,  r  the  length  of 
the  radius,  and  O  the  area  of  the  circle. 

The  ratio  of  the  circumference  of  a  circle  to  its  diameter 
is  approximately  3.14159265.  This  ratio  is  denoted  by 
the  Greek  letter  tt  (Pi).  In  cases  where  the  numbers 
involved  are  not  very  large,  or  where  extreme  accuracy  is 
not  demanded,  3^  is  a  sufficiently  accurate  approximation 
of  TT.  The  ratio  355  :  113  is  a  close  approximation  to  the 
value  of  TT.  3.1416  is  generally  taken  as  the  value  of  ir. 
In  this  chapter  we  shall  consider  7r=  3.1416. 

Since  ^  =  tt,  .•.  c?  =  ttc?  =  tt  (2  r)  =  2  Trr. 
a 

EXERCISE  219 
Find  the  circumference  when  : 

1.  The  diameter  is  22.  6.  The  radius  is  67. 

2.  The  diameter  is  46.  7.  The  radius  is  86. 

3.  The  diameter  is  150.  8.  The  radius  is  3.6. 

4.  The  diameter  is  164.           9.  The  radius  is  5.9. 
*     5.  The  diameter  is  196.          10.  The  radius  is  7.3. 

442 
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11.  Find  d  when  <?=  320.44.   15.  Find  r  when  (?=  377. 

12.  Find  d  when  <?  =  477.52.  16.  Find  r  when  (?=  53.41. 

13.  Find  d  when  c-  24.50.     17,  Find  r  when  <?  =  60.319. 

14.  Find  d  when  (?  =  41.7.       18.  Find  r  when  (?  =  42.097. 

19.  The  diameter  of  the  front  wheel  of  a  carriage  is 
8  ft.  6  in.  How  many  times  does  the  wheel  revolve  in 
going  1  mi.  ?     Take  3^-  as  the  value  of  tt. 

20.  The  driving  wheel  of  a  locomotive  is  4  ft.  11^  in. 
in  diameter.  If  the  locomotive  travels  34  mi.  an  hour, 
how  many  times  does  the  wheel  revolve  per  minute  ? 

AREA  OF  A  CIRCLE 

359.  A  sector  of  a  circle  is  a  portion  of  a  circle'  bounded 
by   two   radii   and   their  included  arc. 
AmBO  is  a  sector. 

360.  To  get  the  area  of  the  circle 
ABn  we  shall  first  get  the  area  of  the 
sector  AmBO. 

Let  CD  be  perpendicular  to  AB. 
The  area  of  the  triangle  ABO  is  equal 
to  lABxDO.  The  triangle  ABO  is 
obviously  less  than  the  sector  AmBO.  Suppose  now  the 
circle  ABn  to  be  very  large,  say  as  large  as  the  equator  of 
the  earth,  and  let  the  arc  AB  be  small,  say  ^  of  a  minute. 
Then  OD  differs  from  the  radius  of  the  earth  by  about  ^^ 
of  an  inch,  a  quantity  very  small  when  compared  with  the 
length  of  the  radius  which  is  nearly  4000  mi.  When, 
therefore,  the  arc  AB  is  small,  the  area  of  the  sector  and 
the  area  of  the  triangle  ABO  differ  by  a  quantity  which 
is  small.  We  may,  therefore,  take  the  area  of  the  sector 
as  equal  to  one-half  the  radius  times  the  arc.  If  we  make 
another  sector,  its  area  is  also  equal  to  one-half  its  arc 


444  ABITHMBTXC 

multiplied  by  its  radius.  By  dividing  the  circle  into 
sectors  we  finally  arrive  at  the  conclusion  that  the  sum  of 
the  areas  of  the  sectors  is  equal  to  one-half  the  radius 
times  the  sum  of  the  arcs  of  those  sectors,  and,  hence,  the 
area  of  the  circle  equals  ^  the  radius  times  the  circum- 
ference. 

In  the  language  of  mathematics  this  conclusion  is   as 
follows  : 

O^^er.  (1) 


C2) 


Since 

<?=  27rr, 

.-.  0=  I-  X  27rr  X  r  =  ttA 

Also  since 

r^Qd); 

.'.r^^Qdy^icP. 

4 

.-.  (7=|d». 

(3) 

We  have,  therefore,  three  rules  for  finding  the  area  of  a 
circle  : 

(1)  Multiply  one-half  the  circumference  by  the  radius. 

(2)  Multiply  the  square  of  the  radius  by  tt. 

(3)  Multiply  the  square  of  the  diameter  by  ^  tt  or  ,7864. 
There  is  a  fourth  rule  for  finding  the  area  of  a  circle. 

We  may  derive  it  as  follows  : 
cas27rr. 
.'.  <j2=s27rr  X  27rr«47r*r'. 

47r        47r 

- — =s  .07958,  very  nearly. 

That  is,  the  area  of  a  circle  equals  the  square  of  its 
circumference  multiplied  by. 07958. 
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EXEROISE  220  (Written) 

1.  Given  r  =  14,  find  0.       11.  Given  d  =  74,  find  O. 

2.  Given  r  =  22,  find  O.       12.  Given  d  =  92,  find  0. 

3.  Given  r  =  36,  find  O.       13.  Given  (?  =  100,  find  0. 

4.  Given  r  =  4.7,  find  O.     14.  Given  c  =  78,  find  (7. 
,  5.  Given  r  =  6.5,  find  C.      15.  Given  c=  83,  find  0. 

6.  Given  r=  8.6,  find  0.  16.  Given  (?=  93,  find  (7. 

7.  Given  r  =  9.7,  find  O.  17.  Given  (?=  8.7,  find  (7. 

8.  Given  c?=:  78,  find  0.  W.  Given  <?:=  6.9,  find  O. 

9.  Given  d  =  64,  find  C^.  19.  Given  (?=9.8,  find  (7. 
10.  Given  rf  =  96,  find  O.  20.  Given  <?=10.8,  find  (7. 

361.   UoMimple  1.     Given  the  area  of  a  circle  equal  to 
535.08,  find  the  radius  of  the  circle. 
Solution.  ttt^  =  O. 

.•.3.1416/^  =  535.08. 

...^2  =  1?^  =  170.31. 
3.1416 

.•.  r  =  13.05,  nearly. 

Example  2.   Given  the  area  of  a  circle  equal  to  658.98, 

find  the  circumference  of  the  circle. 

SoLUTiQN.     .  07958  c«  =  (7. 

.07958^2  =  658.98. 

/.  c  =  91,  nearly. 

EXERCISE  221  (Written) 

1.  Given  (7=  3019.1,  find  r. 

2.  Given  (7=  907.9,  find  r. 

3.  Given  C^=  3421.2,  find  r. 

4.  Given  (7=  5541.8,  find  r. 

5.  Given  C^=  21.24,  find  r. 
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\ 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 


Given  (7=40.715,  find  (i. 
Given  (7=66.476,  find  d. 
Given  (7=  75.43,  find  d. 
Given  (7=  109.36,  find  d. 
Given  (7=  141.03,  find  d. 
Given  (7=4.5964,  find  c. 
Given  (7=  6.883,  find  c. 
Given  (7=  779.94,  find  c. 
Given  (7=  57,495,  find  c. 
Given  (7=  33,621,  find  c. 

16.  How  long  must  a  rope  be  so  that  by  tying  one  end 
of  it  to  a  stake  driven  into  the  ground  and  fastening  the 
other  end  to  a  cow's  horn,  the  cow 

may  graze  over  1  A  ? 

17.  ABOD  is  a  square  described 
in  a  circle;  MNRS  is  a  square  de- 
scribed about  the  circle.  If  the  radius 
of  the  circle  is  12,  find  the  areas  of 
ABCD,  MNRS,  and  of  the  circle. 

18.  If  the  diameter  of  a  circle  is 
34  in.,  find  the  difference  between  the 
area  of  the  circle  and  of  the  square  described  in  the  circle. 

19.  If  the  diameter  of  a  circle  is  88  in.,  find  the  differ- 
ence between  the  area  of  the  square  de- 
scribed about  the  circle  and  the  area  of , 
the  circle. 

20.  A  regular  hexagon  is  a  figure  of 
six  sides  each  of  the  same  length^  and 
its  six  angles  are  equal  to  one  another. 
A  hexagon  may  be  broken  up  into  six 
equilateral  triangles. 

If  the  side  of  a  regular  hexagon  is  10,  find  its  area. 


M 


B 
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21.  If  a  regular  hexagoD  is  described  in  a  circle,  its  side 
equals  the  radius  of  the  circle.  If  the  radius  of  a  circle  is 
16  in.,  find  the  difference  between  the  areas  of  the  circle 
and  the  regular  hexagon  described  in  the  circle. 

22.  A  regular  hexagon  and  a  square  have  each  a 
perimeter  of  60  in.     Find  their  areas. 

23.  The  circumference  of  a  circle  equals  the  perimeter 
of  a  square.     Find  which  has  the  larger  area. 

362.  If  we  take  any  angle,  -4,  formed  by  two  radii  in  a 
circle,  and  take  another  angle,  jB,  formed  by  two  radii  of 
the  same  circle,  then 
designate  the  sub- 
tended arcs  by  arc  A 
and  arc  jB,  we  have 
A:B=  arc  A  :  arc  B. 
The  reason  for  this 
is:    If* -4.  were  twice 


Fig.  1. 


Fio.  2. 


>B,  then  arc  A  would 
be  twice  arc  B.  If  A  were  three  times  jB,  then  arc  A 
would  be  three  times  arc  jB,  and  so  on  for  any  number  of 
times  (Fig.  1).  ^^arc^ 

B     arc  B 
.'.  A  :  B  =  arc  A  :  arc  B.      (a) 

If  two  diameters,  mn^  sr  (Fig.  2),  are  drawn  at  right 
angles,  the  four  angles  at  the  center  are  all  right  angles. 
Therefore,  the  sum  of  the  angles  formed  at  a  point  by 
drawing  lines  from  that  point  equals  four  right  angles,  or 
360°.  If  we  divide  each  of  the  right  angles  at  0  into 
90  equal  parts,  we  have  360  angles,  each  equal  to  1®. 
The  arcs  these  angles  intercept  on  the  circumference  are 
all  equal,  and  as  the  360th  part  of  the  circumference  is 


448 


ABITHMETIO 


called  a  degree  on  the  circumference,  hence  (a)  the  num- 
ber of  degrees  in  an  angle  at  the  center  is  equal  to  the 
number  of  degrees  in  its  arc  on  the  circumference.  This 
fact  is  generally  stated  as  follows:  A  central  angle  is 
measured  by  its  intercepted  arc. 

363.  EoMimple  1.  The  radius  of  a 
circle  is  15  in.  Find  the  length  of  an 
arc  of  37**  30'  of  the  circumference  of 
this  circle. 

Solution.      860^  :  37®  30'  =  length 

of  the   circumference:    length  of  the 

arc  mn. 

c=  27rr. 

.-.  c=2x  3.1416  X  16  in.  =  94.248  in. 

.-.  360^ :  37^  =  94.248  in. :  arc  mn. 

.-.  360^  X  arc  mn  =  94.248  x  37 J  in. 


arc  WW 


=  ^^'^^lL^^^^^'  =  9>82  in.,  nearly. 


360 


JSxample  2.     To   an  observer  on   the   earth's  surface 
what  angle  does  the  planet 
Mercury     subtend     when 
Mercury  is  at  its  greatest 
distance   from   the    earth? 

Solution.  Stepl.  Draw    '       ^        ^- — '"'TS^^S^nr 
a  diagram. 

Step  2.  Find  Mercury's 
distance  from  the  earth 
when   it   is   in   a   straight 

line  with  the  earth  and  the  sun.     This  is  86,000,000  + 
92,900,000,  i.e.  128,900,000  mi. 
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Step  3.  Find  the  angle  which  an  arc  of  3030  mi.  sub- 
tends at  the  center  of  a  circle  whose  radius  is  128,900,- 
000  mi. 

(?  =  2  irr. 

.-.  c  =  27r  X  128,900,000  mi. 
2  TT  X  128,900,000  :  3030  =  360^ :  x. 
.-.  (27r  X  128,900,000)  a:  =  360^  x  3030. 

360"  X  3030 


27rx  128,900,000 


s=  6",  nearly. 


EXERCISE  222  (Written) 

1.  The  radius  of  a  circle  ifi  87  in«  Find  the  length  of 
an  arc  of  72""  of  this  circle. 

2.  The  radius  of  a  circle  is  94  in.  Find  the  length  of 
an  arc  of  SO**  of  this  circle. 

3.  What  is  the  length  of  an  arc  of  1"*  on  a  circle  whose 
radius  is  58  ft.  ? 

4.  What  angle  does  an  arc  of  40.212  ft.  subtend  at  the 
center  of  a  circle  whose  radius  is  64  ft.  ? 

5.  What  angle  does  an  arc  of  6.032  ft.  subtend  at  the 
center  of  a  circle  whose  radius  is  96  ft.  ? 

6.  The  distance  of  the  moon  from  the  earth  is  239,000 
mi.,  and  the  diameter  of  the  moon  is  2170  mi.  To  an 
observer  on  the  earth,  what  angle  does  the  moon's  diame- 
ter subtend  ? 

7.  From  the  data  in  Example  2,  solved  above,  deter- 
mine the  angle  which  Mercury  makes  to  an  observer  on 
the  earth  when  Mercury  attains  its  maximum  brilliancy. 

8.  What  angle  does  the  sun's  diameter  make  at  the 
earth?  The  sun's  diameter  is  866,400  mi.,  and  its  dis- 
tance from  the  earth  is  92,900,000  mi. 

2o 
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SIMILAR  FIGURES 
364.   Similar  figures  are  figures  having  the  same  form. 


Examples.  The  triangles  ABC^  LMN  are  similar 
triangles. 

All  regular  polygons  of  the  same  number  of  sides  are 
similar  figures.  The  drawing  which  a  surveyor  makes  of 
a  tract  of  land  is  similar  to  the  tract  of  land. 

It  is  shown  in  geometry  that  corresponding  dimensions 
of  similar  figures  have  the  same  ratio;  also  that  the 
areas  of  similar  figures  are  to  each  other  as  the  squares 
of  their  corresponding  dimensions. 

365.  Example  1.     When  a  pole  6  ft.  high  casts  a  shadow 
5  ft. ,  how  high  is  a  steeple  whose     n 
shadow  is  90  ft.  ? 

Solution.  Let  AB  repre- 
sent the  pole,  AC  its  shadow. 

Let  X  represent  the  steeple, 
and  MR  its  shadow.  We  have 
then  B 

5  :  90  =  6  :  a:. 


52J  =  90  X  6, 
90x6 


X  =  - 


=  108. 


Ans.  108  ft. 
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Example  2.  The  area  of  a  triangle,  one  of  whose  sides 
is  5  rd.,  is  11  sq.  rd. 

Find  the  corresponding  side  of  a  similar  triangle  whose 
area  is  three  times  as  great. 

Solution.    Let  X  equal  the  required  side.    We  know  : 

The  area  of  the  first  triangle:  the  area  of  the  second 
triangle  =  square  of  the  side  of  the  first  triangle  :  square 
of  the  side  of  the  second  triangle. 

11  :  33  =  52  :  X^. 
.-.  11X2=83  x52. 

...  jr2^33x52^3^g2^yg 

X=  V75  =  8.662.    Ans.  8.662  rd. 

EXERCISE  223  (Written) 

1.  When  a  tree  90  ft.  high  casts  a  shadow  75  ft.  long, 
find  the  length  of  the  shadow  cast  by  a  pole  24  ft.  high. 

2.  How  high  is  an  object  which  casts  a  shadow  110  ft. 
when  a  pole  8  ft.  high  casts  a  shadow  5  ft.  ? 

3.  A  map  is  drawn  to  a  scale  of  40  mi.  to  1  in.  On 
this  map  two  cities  are  2|  in.  apart.  How  many  miles 
are  there  between  these  cities  ? 

4.  In  a  map  of  a  city  two  public  buildings  are  9 J  in. 
distant.  If  the  map  is  drawn  to  the  scale  of  1  in.  to  |  of  a 
mile,  how  far  is  it  from  one  of  these  buildings  to  the  other  ? 

5.  The  area  of  a  triangle  is  15  sq.  ft.,  and  one  of  its 
sides  is  10  ft.  Find  the  corresponding  side  of  a  similar 
triangle  five  times  as  large. 

6.  The  altitude  of  a  triangle  is  10  ft.  If  the  triangle 
is  divided  into  two  equal  parts  by  a  line  parallel  to  its 
base,  how  far  from  the  vertex  must  this  line  be  drawn  ? 
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7.  Corresponding  sides  of  two  similar  quadrilaterals 
are  in  the  ratio  of  4  to  11.     Find  the  ratio  of  their  areas. 

8.  The  diameters  of  two  circles  are  12  and  18  in. 
Find  the  ratio  of  their  areas. 

9.  The  distance  between  two  cities  is  90  mi.,  and  on  a 
map  containing  both  cities  their  positions  are  distant  6|^ 
in.  What  area  is  represented  by  a  circle  of  ^  in.  radius 
on  this  map  ? 

10.  Assuming  that  a  5-dollar  gold  piece  is  one-half  as 
thick  as  a  double  eagle,  what  is  the  ratio  of  the  diameter 
of  the  double  eagle  to  the  diameter  of  the  5-dollar  piece  ? 


SURFACES  OF  THE  PRISM,   PYRAMID,   CYLINDER, 
CONE,    AND   SPHERE 

366.   A  right  prism  is  a  solid,  two  of  whose  faces  are  equal 
and  parallel  polygons,  and  whose  other  faces  are  rectangles. 

The  upper  and  lower  faces  are  called 
the  bases^  and  the  other  faces  are  called 
lateral  faces 


Triangular 
Prism 


Prism  Pyramid  Qo^^e 

867.   A  right  pyramid  is  a  solid  whose  base  is  a  regular 
polygon,  and  whose  other  faces  are  triangles  equal  in  area. 
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368.  A  oone  is  a  solid  made  by  the  revolution  of  a  right 
triangle  about  one  of  its  legs. 

369.  A  oylinder  is  a  solid  made  by  the  revolution  of  a 
rectangle  about  one  of  its  sides  when  that  side  is  fixed. 

370.  A  sphere  is  a  solid  formed  by  the  revolution  of  a 
semicircle  about  its  diameter  when  the  diameter  is  fixed. 

371.  The  lateral  surface  of  a  right  prism  equals  the  prod- 
uct of  the  perimeter  of  its  base  by  the  height  of  the  prism. 

372.  The  lateral  surface  of  a  right  pyramid  equals  one- 
half  the  perimeter  of  its  base  by  the  altitude  of  one  of  its 
lateral  faces. 

373.  The  convez  surface  of  a  cone  equals  one-half  the 
circumference  of  its  base  by  its  slant  height. 

374.  The  convex  surface  of  a  cylinder  equals  the  circum- 
ference of  its  base  by  its  height. 

375.  The  surface  of  a  sphere  equals  four  times  the  area 
of  one  of  its  great  circles,  i.e.  4  tn^. 

EXERCISE  224  (Written) 

1.  Find  the  lateral  surface  of  a  quadrangular  prism 
the  dimensions  of  whose  base  are  16  ft.  by  8  ft.  and  whose 
height  is  12  ft. 

2.  Find  the  area  of  the  walls  of  a  room,  having  given 
the  dimensions  of  the  floor  as  18  ft.  by  16  ft.,  and  the 
height  as  10  ft. 

3.  Find  the  height  of  a  triangular  prism,  the  sides  of 
its  base  being  5,  6,  and  7  ft.,  and  its  lateral  area  being 
190  sq.  ft. 

4.  Find  the  height  of  a  pentagonal  prism  whose  lateral 
area  is  300  sq.  ft.,  and  each  side  of  whose  base  is  8  ft. 

5.  The  base  of  a  square  pyramid  is  40  ft.  long,  and 
the  altitude  of  each  of  its  triangular  faces  is  16  ft,  Find 
its  lateral  area. 
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6.  Each  side  of  a  hexagonal  pyramid  is  14  ft.  and  its 
slant  height  is  15  ft.  Find  the  area  of  its  lateral 
surface. 

7.  A  pyramidal  tent  whose  base  is  a  square  22  ft.  on  a 
side  has  a  slant  height  of  30  ft.  Find  the  cost  of  the 
canvas  for  the  tent,  at  18^  per  square  yard. 

8.  Find  the  number  of  square  yards  in  the  lateral 
surface  of  a  triangular  pyramid,  each  side  of  the  base 
being  21  ft.  and  the  slant  height  being  42  ft. 

9.  The  radius  of  the  base  of  a  right  cone  is  49  in. 
and  the  slant  height  is  50  in.  Find  its  convex  surface 
in  square  feet. 

10.  Find  the  lateral  surface  of  a  right  circular  cone, 
the  diameter  of  whose  base  is  64  in.  and  whose  slant 
height  is  40  in. 

11.  How  many  yards  of  canvas  are  required  to  make  a 
conical  tent,  the  diameter  of  the  base  being  24  ft.  and  the 
slant  height  16  ft.  ? 

12.  Find  the  convex  surface  of  a  cylinder  the  diameter 
of  whose  base  is  19  ft.  and  whose  height  is  50  ft. 

13.  Find  the  convex  surface  of  a  cylinder,  the  radius  of 
the  base  being  41  in.,  and  the  height,  60  in. 

14.  A  standpipe  has  a  diameter  of  30  ft.  and  is  150  ft. 
high.    Find  the  cost  of  painting  it  at  25^  per  square  yard. 

15.  Find  the  surface  of  a  sphere  whose  radius  is  98  in. 

16.  Find  the  surface  of  a  sphere  if  its  diameter  is  42  in. 

17.  The  diameter  of  the  planet  Mercury  is  3030  mi.; 
find  the  area  of  the  planet. 

18.  The  diameter  of  the  planet  Venus  is  7700  mi. ;  find 
the  area  of  the  planet. 
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19.  The  diameters  of  the  major  planets  are,  respectively, 
86,000,  73,000,  32,000,  33,000  mi.  Find  the  number  of 
million  square  miles  in  the  area  of  each  of  these  planets. 

20.  The  surface  of  a  sphere  is  10,568  sq.  in.  Calculate 
its  diameter. 

21.  The  base  of  a  cylinder  is  20  in.  in  diameter,  and  its 
height  is  20  in.  Find  the  area  of  the  cylinder.  Find  the 
area  of  a  sphere  20  in.  in  diameter. 

22'  The  lateral  surface  of  a  square  pyramid  each  side 
of  whose  base  is  10  in.,  is  1100  sq.  in.  Find  the  slant 
height. 

23.   Find  the  diameter  of  a  sphere  which  has  an  area 

of  7854  sq.  yd. 

VOLUMES  OF   SOLIDS 

376.  The  volume  of  a  rectangular  prism  is  equal  to  the 
area  of  its  base  multiplied  by  its  height. 

The  volume  of  a  cylinder  is  also  equal  to  the  product 
of  its  base  by  its  height. 

377.  The  volume  of  a  pyramid  and  that  of  a  cone  are  each 
equal  to  one-third  the  product  of  the  area  of  the  base  and 
the  height.  In  each  case  we  understand  by  height,  the 
perpendicular  distance  from  the  vertex  to  the  base. 

378.  The  volume  of  a  sphere  is  equal  to  ^  tt/^. 
Since  r  =  JcZ, 

...  |7rr8==f7r  X  1^8=  1^8=. 5236  (? 

EXERCISE  225  (Written) 
1.   Find  the  volume  of  a  triangular  prism,  the  sides  of 
the  base  being  11,  25,  30  in.,  respectively,  and  the  height 
of  the  prism  being  40  in. 
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2.  Find  the  volume  of  a  square  pyramid,  if  the  sides 
of  the  base  are  each  equal  to  10  in.,  and  the  height  is  21  in. 

3.  Find  the  volume  of  a  cone,  the  radius  of  its  base 
being  12  in.,  and  its  height  being  27  in. 

4.  Find  the  volume  of  a  cone,  if  the  radius  of  the  base 
is  .25  in.,  and  the  height  is  24  in. 

5.  Find  the  volume  of  a  hexagonal  pyramid,  each  side 
of  its  base  being  10  in.,  and  its  height  being  80  in. 

6.  Find  the  volume  of  a  sphere  whose  radius  is  20  in. 

7.  Find  the  volume  of  a  sphere,  the  radius  being  8  ft. 

8.  How  many  gallons  does  a  cylindrical  cistern  hold, 
tlie  diameter  of  its  base  being  9  ft.  4  in.,  and  its  height 
8ft.? 

9.  How  many  gallons  does  a  cylindrical  cistern  contain, 
if  the  diameter  of  its  base  is  11  ft.  and  its  height  is  6  ft. 
5  in.? 

10.  The  diameter  of  the  base  of  a  cylinder  is  10  in., 
and  its  height  is  10  in.  Find  the  ratio  of  the  volume  of 
this  cylinder  to  the  volume  of  a  sphere  10  in.  in  diameter. 

11.  The  diameter  of  the  base  of  a  cone  is  1  ft.  and  its 
height  is  1  ft.  Find  the  ratio  of  the  volume  of  this  cone 
to  the  volume  of  a  sphere  whose  diameter  is  1  ft. 

12.  The  surface  of  a  cube  contains  84  sq.  ft.  54  sq.  in. 
Find  its  volume. 

13.  The  base  of  a  pyramid  is  a  triangle  whose  sides  are 
1  ft.  1  in.,  3  ft.  1  in.,  3  ft.  4  in.,  and  whose  volume  is  1  cu. 
ft.  1152  cu.  in.     Find  its  height. 

14.  The  surface  of  a  sphere  equals  1257  sq.  in.  Find 
its  volume. 

15.  The  surface  of  a  hemispherical  dome  is  2513.5  sq. 
ft.     Find  its  diameter. 
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16.  The  volumes  of  similar  solids  are  to  each  other  as 
the  cubes  of  their  corresponding  dimensions.  How  many 
times  as  large  as  the  ^earth  is  the  sun  ?  The  diameter  of 
the  sun  is  nearly  888,000  mi.,  and  the  diameter  of  the 
earth  is  nearly  8000  mi. 

17.  Find  how  many  times  as  large  as  the  moon  is  the 
earth.     The  moon's  diameter  is  2200  mi.,  nearly. 

18.  How  many  times  as  large  as  the  earth  is  Saturn  ? 
The  diameter  of  Saturn  is  73,000  mi. 

19.  How  many  times  as  large  as  the  earth  is  Jupiter  ? 
The  diameter  of  Jupiter  is  88,000  mi.,  nearly. 

REVIEW  QUESTIONS 

1.  Give  three  approximations  of  the  ratio  of  the  cir- 
cumference of  a  circle  to  the  diameter. 

2.  How  do  you  find  the  circumference  when  the  radius 
is  given  ? 

3.  How   do    you    find   the    circumference   when   the 
diameter  is  given? 

4.  How  do  you  find  the  radius  when  the  circumference 
is  given  ? 

5.  Give  four  rules  for  finding  the  area  of  a  circle. 

6.  How  do  you  find  the  area  of  an  equilateral  triangle  ? 

7.  How  do  you  find  the  area  of  a  regular  hexagon  ? 

8.  How  is  the  length  of  an  arc  obtained,  if  the  radius 
and  the  number  of  degrees  in  the  arc  are  given  ? 

9.  Explain,  a  central  angle  is  measured  by  its  inter- 
cepted arc. 

10.  What  are  similar  figures  ? 

11.  How  do  the  areas  of  similar  figures  vary  ? 
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12.  How  do  corresponding  dimensions  of  similar  figures 
vary  ? 

13.  Define  right  pyramid,  cone,  cylinder,  sphere. 

14.  How  are  the  lateral  surfaces  of  a  right  pyramid, 
right  prism,  cylinder,  and  cone  found  ? 

15.  Give  the  rule  for  finding  the  surface  of  a  sphere. 

16.  Show  that  the  surface  of  a  sphere  equals  the  pro- 
duct of  the  circumference  of  a  great  circle  of  the  sphere 
by  its  diameter. 

17.  Give  the  rule  for  finding  the  volume  of  a  rectangu- 
lar prism,  cylinder,  cone,  sphere. 


CHAPTER  XXIII 

THE  METRIC  SYSTEM  OF  WEIGHTS  AND  MEASURES 

879.  In  the  last  decade  of  the  eighteenth  century, 
Louis  XVI,  on  the  recommendation  of  the  Constituent 
Assembly,  by  a  decree  invited  the  nations  of  the  world  to 
confer  respecting  an  international  system  of  weights  and 
measures.  No  adequate  response  to  this  invitation  being 
received,  the  Constituent  Assembly  committed  the  consid- 
eration of  this  subject  to  a  committee  of  learned  men  who 
devised  what  has  "since  been  known  as  the  Metric  System 
of  Weights  and  Measures. 

This  system  is  now  used  by  upward  of  forty  countries 
and  it  is  the  only  system  used  in  text-books  of  science. 
Upward  of  twenty  nations  contribute  to  the  support  of 
the  International  Bureau  of  Weights  and  Measures  in 
Paris.  For  these  reasons  the  Metric  System  deserves  to 
be  called  the  International  System. 

The  only  great  nations  which  have  not  adopted  the 
Metric  System  are  the  United  States  and  Great  Britain. 
In  the  United  States  the  system  is  legalized,  and  none 
other  is  used  in  the  Philippines  and  Porto  Rico.  In 
Great  Britain  the  adoption  of  the  system  is  permissive, 
and  probably  in  a  few  years  it  will  be  obligatory. 

The  Metric  System  is  so-called  because  the  meter  is  the 
basis  of  the  system.  The  meter  is  the  standard  unit  of 
linear  measure.  Its  length  is  the  ten-millionth  part  of 
the  distance  from  the  equator  to  the  north  pole  measured 
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on  the  meridian  of  Paris.     It  is  a  natural  unit  of  measure 
as  unchangeable  as  the  world  itself. 

The  standard  meter  from  which  all  others  are  derived 
is  a  bar  made  of  an  alloy  of  platinum  and  iridium,  kept  in 
the  International  Bureau  of  Weights  and  Measures  in 
Paris.  Duplicates  of  this  standard  meter  have  been  fur- 
nished to  all  the  nations  of  the  world.  These  duplicate* 
are  made  of  the  hardest,  most  durable,  and  least  expans- 
ible substances  known. 

The  legal  equivalent  of  the  meter  at  zero  degrees.  Cen- 
tigrade, on  the  continent  of  Europe  is  39.  S7 0482  English 
inches.  The  legal  equivalent  in  England  is  39.3707904 
English  inches.  For  practical  purposes,  39.37  in.  is  a  close 
approximation  to  the  value  of  the  meter.  This  is  the  value 
recommended  by  the  United  States  Bureau  of  Standards. 

The  Metric  System  is  a  decimal  system.  In  it  there 
are  no  compound  rules.  It  is  the  simplest  and  the  most 
perfect  system  ever  devised. 

The  names  for  the  multiples  of  the  standard  unit  in  the 
Metric  System  are  formed  from  the  names  of  the  standard 
unit  by  means  of  prefixes  derived  from  the  Greek  words 
meaning  ten,  one  hundred,  one  thousand,  and  ten  thousand, 
i.e.  deka^  hekaton^  chilio%  murioi.  The  names  for  the  sub- 
multiples  of  the  standard  units  are  formed  in  a  similar 
manner  from  the  Latin  words  meaning  ten,  one  hundred, 
one  thousand,  i.e.  decern^  centum^  mille.     Thus: 

Dekameter  means  ten  meters. 
Hektometer  means  one  hundred  meters. 
Kilometer  means  one  thousand  meters. 
Myriameter  means  ten  thousand  meters. 
Decimeter  means  one-tenth  of  a  meter. 
Centimeter  means  one-hundredth  of  a  meter. 
Millimeter  means  one-thousandth  of  a  meter. 
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The  standard  units  are  the  meter^  the  liter^  and  the 
gram.  The  gram  being  a  very  small  weight,  the  kilo- 
gram is  most  used  in  ordinary  affairs.  In  the  Metric 
System  the  meter,  the  liter,  and  the  kilogram  are  used 


th 


in  exactly  the  same  manner  as  the  yard,  the  quart  meas- 
ure, and  the  pound  Avoirdupois,  in  our  system  of  weights 
and  measures. 

The  above  illustration  gives  a  clear  idea  of  the  units  of 
the  Metric  System. 
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Each  side  of  the  square  ABCD  is  a  decimeter,  or  one- 
tenth  of  a  meter. 

Each  side  of  the  small  square  is  a  centimeter,  or  one- 
hundredth  part  of  a  meter. 

The  liter  is  the  volume  of  a  cube  which  has  the  square 
ABCD  as  one  of  its  faces. 

The  gram  is  the  weight  of  distilled  water  at  4°  Centi- 
grade, which  fills  a  cubical  vessel,  one  of  whose  faces  is 
the  size  of  the  small  square. 

380.  LINEAR  MEASURE 

10  millimeters  (mm.)  =  1  centimeter 

10  centimeters  (cm.)  =  1  decimeter 

10  decimeters  =  1  meter 

10  meters  (m.)  =  1  dekameter 

10  dekameters  =  1  hektometer 

10  hektometers  =  1  kilometer 

10  kilometers  (km.)  =  1  myriameter 

The  units  in  common  use  are  the  millimeter,  centimeter, 
meter,  and  kilometer.  To  express  very  small  linear  meas- 
urements a  unit  called  a  mikrometer,  or  micron  is  some- 
times used.  It  is  equal  to  the  millionth  part  of  a  meter. 
The  abbreviation  for  micron  is  the  Greek  letter  /x. 

381.  SURFACE  MEASURE 

100  square  millimeters  (qram.)  =  1  square  centimeter 

100  square  centimeters  (qcm.)  =  1  square  decimeter 

100  square  decimeters  =  1  square  meter 

100  square  meters  (qm.)  =  1  ar 

100  ars  =  1  hektar 

100  hektars  (ha.)  =  1  square  kilometer  (qkm.) 

An  ar  is  the  area  of  a  square  whose  side  is  ten  meters. 
1  qm.  is  therefore  equal  to  a  centar  (ca.).  The  areas  of 
small  tracts  of  land,  such  as  gardens,  are  expressed  in  ars. 
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The  areas  of  larger  tracts,  such  as  farms,  are  expressed  in 
hectars.  The  areas  of  still  larger  tracts,  such  as  countries, 
are  expressed  in  square  kilometers. 

CUBIC   MEASURE 

382.  1000  cubic  millimeters  (cmm.)  =  1  cubic  centimeter 

1000  cubic  centimeters  (ccm.)   =  1  cubic  decimeter,  or  liter 
1000  liters  (1.)  =1  cubic  meter  (cbm.) 

The  liter  corresponds  to  our  quart.  The  hektoliter 
(hi.)  corresponds  to  our  bushel.  The  millionth  part  of  a 
liter  is  called  a  mikroiiter  (\).  The  cubic  meter  is  also 
called  a  stere. 

WEIGHT 

383.  1000  milligrams  (mg.)  =  1  gram 

1000  grams  (g.)  =  1  kilogram,  or  kilo 

1000  kilograms  (kg.)    =  1  tonneau  (T.),  or  ton 

The  millionth  part  of  a  gram  is  called  a  mikrogram(7). 

A  gram  represents  the  weight  of  1  ccm.  of  distilled 
water  at  4°  C. 

A  kilogram  is  the  weight  of  1  cu.  dm.  of  distilled  water 
at  4°  C. 

A  tonneau,  or  ton,  is  the  weight  of  1  cbm.  of  distilled 
water  at  4°  C. 

A  quintal  is  100  kg. 

REDUCTION 

384.  Example  l.  Reduce  75.623  m.  to  centimeters,  and 
also  to  millimeters. 

Solution,  (a)  Since  there  are  100  cm.  in  1  m.,  we 
therefore  reduce  meters  to  centimeters  by  multiplying 
the  number  of  meters  by  100.  This  we  do  by  moving 
the  decimal  point  two  places  to  the  right. 
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(6)  Since  there  are  1000  mm.  in  1  m.,  we  therefore 
multiply  the  number  of  meters  by  10001     This  we  do  by 
moving  the  decimal  point  three  places  to  the  right. 
AnswevB.  ^  (a)  7562.3  cm. 
(6)  75,623  mm. 
Example  2.     Reduce  85,679  mm.  to  meters. 
Solution.     This  we  do  by  dividing  by  1000,  i.e.  by 
moving  the  decimal  point  three  places  to  the  left. 

Am.  85.679  m. 
EXERCISE  226  (Written) 

1.  Reduce  234.982  m.  to  centimeters. 

2.  Reduce  132.98745  m.  to  centimeters. 

3.  Reduce  1653.98231  m.  to  centimeters. 

4.  Reduce  98,765.23466  m.  to  centimeters. 

5.  Reduce  101,907.9701  m.  to  millimeters. 

6.  Reduce  342.67539  m.  to  millimeters. 

7.  Reduce  106,598.95467  m.  to  kilometers. 

8.  Reduce  90,187,943.9  mm.  to  kilometers. 

9.  Reduce  986,543.9789  cm.  to  kilometers. 

10.  Reduce  345.9018765  km.  to  meters. 

11.  Reduce  .987615  km.  to  centimeters. 

12.  Reduce  374,321  qcm.  to  square  meters. 

13.  Reduce  234,895  qcm.  to  square  meters. 

14.  Reduce  98,654.3  ca.  to  ars. 

15.  Reduce  92,345,723  ca.  to  hektars. 

16.  How  many  square  meters  are  in  1  qkm.  ? 

17.  How  many  square  meters  are  in  a  square  hekto- 
meter  ? 

18.  How  do  you  reduce  square  hektometers  to  square 
kilometers  ? 


^ 


METRIC   SYSTEM   OP   WEIGHTS   AKD   MEASURES      466 

19.  How  many  square  decimeters  are  in  1  ar  ? 

20.  How  many  ars  are  in  1  qkm.  ? 

21.  How  many  square  millimeters  are  in  1  ca.  ? 

22.  How  many  square  millimeters  are  in  1  ar  ? 

23.  How  many  cubic  millimeters  are  in  1  cbm.  ? 

24.  How  many  cubic  centimeters  are  in  1  cbm.  ? 

25.  Reduce  98234.87  1.  to  cubic  millimeters. 

26.  Reduce  27.236  cbm.  to  cubic  centimeters. 

27.  Express  9873  ccm.  as  liters. 

28.  Express  92342784.2  cmm.  as  liters. 

29.  Reduce  54972  mg.  to  grams. 

30.  Reduce  19,821,096,643  g.  to  tonneaux. 

31.  How  many  milligriams  are  in  1  T.  ? 


Add: 
1. 
96458.23  m. 
23458.98  m. 
14329.09  m. 
920184.60  m. 
1908.02  m. 
90327.92  m. 
1872095.72  m. 
902376.253  m. 


EXERCISE  227  (Written) 
2. 

92435.9  cm. 

23456.8  cm. 

98239.2  cm. 

98209823.9  cm. 

1980098.76  cm. 

6543097.1cm. 

7609.9  cm. 

980098.3  cm. 


924357.9  mm. 
8765.1mm. 

986201.8  mm. 
87623.7  mm. 

987.9  mm. 

28456.2  mm. 

10098.3  mm. 
90098.9  mm. 

999999.9  mm. 


4.  A  man  walks  on  four  successive  days.  The  first  day 
he  walks  11.7  km. ;  the  second  day,  984  m. ;  the  third 
day,  2950  m. ;  the  fourth  day,  12.8  km.  How  far  does  he 
travel  ?     Give  the  answer  in  meters. 

5.  From  25.724  km.  take  26,270  m. 

6.  Multiply  11.732  m.  by  12. 

2h 


466  ARITHMETIC 

7.  How  many  times  is  25  mm.  contained  in  24  m.  ? 

8.  How  many  times  is  7.03  m.  contained  in  .0494209  km.? 

9.  How  many  times  is  12  ca.  contained  in  6  ha.  ? 

10.  How  many  farms  of  8  ha.  each  can  be  made  out  of 
a  square  whose  side  is  3  km.  ? 

11.  A  vessel  contains  250  ccm.     How  many  such  vessels 
would  hold  5  cbm.  ? 

12.  How  many  times  is  800  ccm.  contained  in  60 1.  ? 

13.  How  many  times  is  450  ccm.  contained  in  22.5  hi.  ? 

14.  How  many  mikroliters  are  in  1  ccm.  ?     How  many 
mikroliters  are  in  Icbm.? 

15.  How  often  is  1521  mg.  contained  in  5.9319  kg.  ? 

385.  Example.     Find  the  area  of  a  rectangle,  if  its 
length  is  425.8  m.  and  its  breadth  is  .3256  km. 

Solution.     First  reduce  .3256  km.  to  meters. 
.3256  km.  =  325.6  m. 

Second,  multiply  in  the  usual  manner  425.8 

and   get  for  product  138,640.48  qm.  325.6 

We  reduce  this  to  ars  by  dividing  by  25548 

100,  and  we  reduce  the  ars  to  hektars        21290 
by  dividing  by  100.     Both  operations        8516 
can  be  performed  at  once  by  moving    12774 
the  decimal  point  four  places  to  the     138640.48  qm. 
left.     An%.  13.864048  ha. 

EXERCISE  228  (Written) 
Find  the  area  of  each  of  the  following  rectangles : 
Length  Width  Length  Width 

1.  625  m.        125  m.  4.  369.4  m.        184.7  m. 

2.  305  m.  61m.  5.  488.9  m.        244.45  m. 

3.  888  m.        169  m.  6.  6767  m.  11.534  m. 
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.7.   Find  the  volume  of  a  rectangular  solid  whose  dimen- 
sions are  1.2  m.,  .9  m.,  and  .75  m. 

8.  Find  the  area  of  a  triangle  whose  sides  are  14  m., 
48  m.,  and  50  m. 

9.  Find  the  area  of  a  circle  whose  radius  is  .78  m. 

10.  Find  the  volume  of  a  sphere  whose  radius  is  18  cm. 

11.  The  legs  of  a  right  triangle  are  56  cm.  and  105  cm. 
Find  the  hypothenuse. 

12.  Find  the  volume  of  a  rectangular  prism,  the  dimen- 
sions of  the  base  being  14  m.  by  12  m.,  and  height  9.5  m. 

A  COMPARISON  OF  OUR  SYSTEM  OF  WEIGHTS  AND  MEAS- 
URES WITH  THE  METRIC   SYSTEM 

386.   In  order  to  show  the  practical  utility  of  the  Metric 
System,  we  submit  the  following  solutions : 

Example  1.     Find  the  weight  of  water  which  fills  a 
rectangular  tank  14  in.  by  12  in.  by  7|  in. 

SOLUTZOK.      (.^U       (J)1|3,1000  0Z.  =  1^0Z. 

168 

1\ 


1176 
147 


1323 
(c)  1728)1328000(765f  oz.   (i)  16)765^  oz. 

12096  471b.  13foz.  ^w«. 

11340 
10368 
9720 
8640 
1080 
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To  solve  this  example,  we  have  four  steps,  (a)  Take  the 
product  of  the  three  dimensions.  (6)  Divide  the  result 
by  1728  and  multiply  the  quotient  by  1000.  (c)  We 
perform  the  actual  division.  This  gives  us  the  answer  in 
ounces,     (d)  Reduce  the  ounces  to  higher  denominations. 

Now  take  a  similar  problem  in  the  Metric  System". 

Find  the  weight  of  water  which  will  fill  a  rectangular 
tank  14  cm.  by  12  cm.  by  7|^  cm.  deep. 

Solution,  (a)  14 
JL2 
168 

1176 
147 
1323    Ans.  1323  ccm.  « 1.823  1. 

Example  2.  Find  the  area  of  a  rectangle  whose  length 
is  1136  yd.  and  width  284  yd. 

Solution.     1  sq.  yd.  x  1136  x  284  =  322,624  sq.  yd. 

4840)322624(66.68 

29040 

32224 

29040 


31840 
29040 


38000 

38720    An».  66. 68  A.,  nearly. 

Take  a  similar  problem  in  the  Metric  System. 
Find  the  area  of  a  rectangle  whose  length  is  1136  m., 
width  284  m. 

Solution.      1   qm.  x  1136  x  284  «  822,624  qm.  = 
32.2624  ha.     Ann. 
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EQUIVALENTS  OF  COMMON  UNITS  IN  METRIC  UNITS 

1  inch     =  25.4001  mm.  1  sq.  inch  =  6.452  qcm. 

1  foot     =  .304801  m.  1  sq.  foot  =  .0929  qm. 

1  yard     =  .914402  m.  1  sq.  yard  =  .836  qm. 

Imile     =1.60935  km.  -              1  A.           =,4047  ha. 

1  quart   =  .94636  1.  1  cu.  inch  =  16.387  ccm. 

1  gallon  =  3.78543  1.  1  cu.  foot  =  .02832  cbm. 

1  bushel  =  .35239  hi.  1  cu.  yard  =  .765  cbm. 
1  lb.  avoir.  =  .45359  kg. 

EQUIVALENTS  OF  METRIC   UNITS  IN  COMMON  UNITS 
1  meter        =  39.37  in.  1  sq.  centimeter  =  .155  sq.  in. 

1  kilometer  =  .62137  mi.  1  sq.  meter         =  1.196  sq.  yd. 

1  hektar  =  2.471  A. 

1  cu.  centimeter  =  .061  cu.  in. 
1  cu.  meter  =  35.314  cu.  ft. 

1  liter  =  1.0567  qt.  1  milligram  =  .01543  grains 

1  hektoliter  =  2.8733  bu.  1  kilogram   =  15,432.36  grains 

1  kilogram  =  2.20462  lb. 
1  tonneau,  or  ton  =  2204.6  lb. 

REVIEW  QUESTIONS 

1.  Where  did  the  Metric  System  originate  ? 

2.  Why  may  this  system  be  called  international  ? 

3.  What  great  nations  have  not  yet  adopted  the  Metric 
System  ? 

4.  Why  is  the  Metric  System  so  called  ? 

5.  What  is  the  value  of  the  meter  in  our  system  ? 

6.  Give  reasons  why  the  Metric  System  is  the  simplest 
of  all  systems  of  weights  and  measures. 

7.  What  are  the  three  standard  units  of  the  Metric 
System  ? 

8.  To  what  common  units  do  they  correspond  ? 
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9.   What  is  a  liter  ?    A  kilogram  ?   A  tonneau,  or  ton? 

10.  What  is  an  ar  ? 

11.  What  other  name  is  given  to  a  square  meter  ? 

12.  How  is  reduction  ascending  accomplished    in  the 
Metric  System? 

13.  How  are  problems  in  reduction  descending  worked  ? 

14.  What  unit  in  the  Metric  System  corresponds  to  the 
common  acre  ? 

15.  In  terms  of  what  metric  unit  are  the  areas  of  coun- 
tries given  ? 

16.  In  what  metric  unit  are  the  heights  of  mountains 
expressed? 

17.  What  other  name  is  given  to  the  cubic  millimeter  ? 

18.  Name  the  linear  units  in  common  use  in  France. 

19.  Name  the  units  of  square  measure  in  common  use 
in  France. 

20.  Is  there  a  table  of  Troy  weights  in  the   Metric 
System  ? 

21.  By  what  measure  is  sugar  sold  in  countries  where 
the  Metric  System  is  used  ? 

22.  By  what   measure  is  muslin  bought  and  sold   in 
countries  where  the  Metric  System  is  used  ? 


MISCELLANEOUS   EXAMPLES  (A) 

(Arranged  by  Topics) 

NOTATION 

1.  Write  in  figures,  ten  million  ten. 

2.  Write  in  figures,  seven  million  two  hundred  five  thousand. 

3.  Write  in  figures,  one  billion  one  million  one. 

4.  Write  in  figures,  five  million  fifty  thousand. 

5.  Write  in  figures,  ten  billion  ten  million  one  hundred. 

6.  Write  decimally,  twenty-^five  tenths.  One  hundred 
twenty  hundredths.  One  hundred  and  fifty-five  hundredths. 
Ten  thousand  ten  hundred  thousandths.  One  million  one 
ten-millionths.  Fifty-five  thousand  two  hundred  eighteen 
ten-thousandths.  One  million  two  hundred  thousand  four  ten- 
millionths.  Five  and  five  hundredths.  Six  hundred  six  hun- 
dredths. Seven  hundred  ten  thousandths.  Nine  hundred  and 
fifteen  thousandths.    Nine  million  and  nine  millionths. 

ADDITION  AND  SUBTRACTION 

7.  The  following  table  of  railroad  mileage  in  the  United 
States  is  taken  from  the  report  of  the  Interstate  Commerce 
Commission : 


Tbab 

MiLBAOK 

Ykak 

MiLKAOB 

1890 

163,597.06 

1897 

184,428.47 

1801 

168,402.74 

1898 

186,396.82 

1892 

171,663.62 

1890 

189,294.66 

1803 

176,461.07 

1900 

198,346.78 

1894 

178,708.66 

1901 

197,237.44 

1896 

180,657.47 

1902 

201,839.00 

1896 

182,776.63 
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Find  the  number  of  miles  built  during  each  yeax,  beginning 
with  1890,  up  to  1902.  Take  the  sum  of  the  results,  and  see 
whether  it  agrees  with  the  increase  in  railroad  mileage  from 
1890  to  1902. 

8.  From  9000  take  .009. 

9.  From  275  take  .000275. 

10.  Add:  657,987,324,011 

119,008,675,987 
199,887,564,999 
999,556,777,888 
987,345,234,876 
987,234,678,100 
923,524,896,987 
987,567,342,959 
725,926,846,368 
929,935,829,349 
929,563,768,968 

MULTIPLICATION 

11.  Multiply  10,500  by  60,600. 

12.  Multiply  15,010  by  50,080. 

13.  Multiply  1.01  by  7.07. 

14.  Multiply  9010.90706  by  90.400609. 

15.  A  train  travels  at  the  rate  of  30.25  mi.  an  hour.  How 
far  will  it  go  in  5^  hr.  ? 

16.  Find  the  price  of  87^  A.  of  land  at  $43.75  an  acre. 

17.  Find  the  price  of  4225  bu.  of  wheat  at  84J-^  per  bushel. 

18.  Find  the  value  of  .1  x  .2  x  .3  x  .4  x  .5  x  .6  x  .7. 

19.  Find  the  value  of  (1.03)*. 

20.  The  number  of  bales  of  cotton  produced  in  Texas  in  the 
season  1901-02  was  2,993,000,  and  in  1900-01,  3,550,000.  Al- 
lowing 500  lb.  to  a  bale,  how  many  more  pounds  of  cotton  were 
produced  in  the  latter  year  than  in  the  former  ? 
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DIVISION 

21.  A  steamer^s  cargo  consisted  of  120,000  bu.  of  corn, 
valued  at  $57,000;  13,541  bbl.  of  flour,  valued  at  $47,499; 
3050  bales  of  cotton,  valued  at  $158,224;  9688  staves,  valued 
at  $2355;  609  pieces  bf  redwood  valued  at  $869.  Find  the 
value  of  a  bushel  of  com,  a  barrel  of  flour,  a  bale  of  cotton,  a 
stave,  and  a  piece  of  redwood. 

22.  Divide  26.78508  by  .072  (not  by  long  division). 

23.  The  annual  consumption  of  sugar  in  a  certain  state  was, 
in  1890,  702,201  T.,  which  was  found  to  be  49.93  lb.  per  head 
of  population.    Find  the  population. 

24.  Make  a  column  of  eight  numbers,  the  first  of  which  is 
73,214,  the  second  is  1.5  times  less  than  the  first,  the  third  is 
1.5  times  less  than  the  second,  and  so  on  for  the  other  numbers. 

25.  How  many  miles  are  in  278,784,000  ft.  ? 

26.  Divide  the  difference  of  the  squares  of  1.125  and  .784  by 
their  sum. 

27.  Divide  the  difference  of  the  cubes  of  .75  and  .26  by  their 
difference. 

28.  Divide  14.302  by  83.92  correct  to  four  places. 

29.  Divide  24.619  by  56,000. 

30.  The  length  of  a  degree  on  the  earth's  surface  is  approxi- 
mately 69.15  mi.  Two  places  are  on  the  same  meridian,  one 
being  1000  mi.  from  the  other.  Find,  in  degrees,  the  difference 
in  latitude. 

31.  Two  places  on  the  60th  parallel  of  latitude  are  300 
mi.  apart.    Find  the  difference  of  their  longitudes. 

32.  A  bankrupt's  liabilities  are  $47,875,  his  assets  are 
$  38,650.     How  many  cents  on  the  dollar  can  he  pay  ? 

33.  The  product  of  two  numbers  is  642,978,  and  one  of  the 
numbers  is  5.67.     Find  the  other  number. 

34.  In  a  division  problem  the  quotient  is  24,400,  the  remain- 
der is  15,  and  the  dividend  is  6,100,015.     Find  the  divisor. 
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35.  The  total  amount  of  money  in  circulation  in  the  United 
States  on  March  1,  1903,  was  $2,353,738,834.  The  per  capita 
circulation  in  the  United  States  on  the  same  day  was  $  29.41. 
Find  the  population  of  the  United  States. 

36.  Divide  the  square  of  1001  by  the  product  of  77  and  169. 

37.  When  450  lb.  of  sugar  cost  $20.25,  find  the  price  of 
84  lb. 

38.  Find  the  value  of  a  rectangular  plot  of  ground  726  yd. 
long  and  240  yd.  wide,  at  $50  an  acre. 

39.  £100  sterling  are  equivalent  to  $486.65.  Find,  in 
United  States  currency,  the  value  of  £79  sterling. 

40.  When  1.75  yd.  of  silk  cost  $3.85,  find  the  cost  of  14  yd. 

41.  Divide  39.328  by  .0032. 

42.  If  .6  of  a  yd.  of  cloth  cost  27^,  find  the  cost  of  45  yd. 

43.  Divide  1  by  1.732. 

44.  Divide  the  cube  of  11.1  by  27  times  1369. 

45.  What  is  the  ratio  of  25  A.  to  640  A.  ? 

G.C.M.    AND  L.C.M. 

46.  Find  the  G.  C.  M.  of  288  and  432.     Find  also  the  L.  C.  M. 

47.  Find  all  the  common  measures  of  36  and  54. 
4a   Find  the  common  divisors  of  288,  360. 

49.  Express  1110,  777,  and  1001  as  the  products  of  prime 
numbers.     Find  their  L.  C.  M. 

50.  Find  .the  G.  C.  M.  of  208,  572,  and  1326. 

51.  Find  the  L.  C.  M.  of  26,  28,  48,  70,  and  117. 

52.  Find  the  G.  C.  M.  of  6549  and  7067. 

53.  Find  the  G.  C.  M.  and  L.  C.  M.  of  7560, 10,296,  and  4851. 

54.  Find  the  prime  factors  of  80,850. 

55.  Two  numbers  have  for  their  G.  C.  M.  101,  and  for  L.  C.  M. 
27,573.     Find  the  product  of  these  numbers. 
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56.  Resolve  61,776  into  its  prime  factors. 

57.  Two  tracts  of  land,  containing  1225  acres  and  1675 
acres,  are  divided  into  farms  each  containing  the  same  number 
of  acres.     What  is  the  largest  possible  acreage  of  each  farm  ? 

5a  Telephone  poles  are  231  ft.  apart.  What  is  the  smallest 
number  of  poles  which  will  correspond  to  an  exact  number  of 
half  miles  ? 

FRACTIONS,   DECIMALS,   AND  DENOMINATE  NUMBERS 

59.  Arrange  in  order  of  magnitude  f ,  ^,  f^. 

60.  Find  the  difference  between  the  greatest  and  the  least  of 
the  fractions  |,  |,  ^,  and  ^. 

61.  Add:   2i,3i,5|,3A. 

62.  Reduce  to  its  lowest  terms  ^^ftft^. 

63.  Express  as  decimals  f^,  ^,  -j^. 

64.  Reduce  to  common  fractions  .0375,  .0175,  .03125. 

65.  Simplify  ^flxl5f.        . 

66.  Simplify  2f  of  g  -  (|  of  17^  of  i  of  1^). 

67.  Reduce  198  ft.  to  the  decimal  of  1^  mi. 

68.  Reduce  2°  30'  to  the  decimal  of  90°. 

69.  Reduce  3  pt.  to  the  decimal  of  5  gal. 

70.  Reduce  .375  of  16s.  Sd,  +  i  of  ISs.  6d,  to  the  decimal 
of  £6, 

71.  Show  that  if  our  calendar  had  8  leap  years  in  every 
33  yr.,  it  would  be  more  correct  than  it  now  is. 

72.  If  our  calendar  were  so  arranged  that  31  leap  years 
would  occur  in  128  yr.,  how  many  years  would  elapse  before 
the  error  would  amount  to  1  da.  ? 
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73.  The  following  distances  have  been  run  by  trains  in  \ 
times  indicated.     Find  in  each  case  the  rate  per  hour : 


ROUTB 

DlSTAHOB   IW 

Milks 

TiMB 

Jersey  City  to  Oakland    .... 

8311 

83  hr.  46  min. 

New  York  to  Chicago  . 

964 

19  hr.  57  min. 

Chicago  to  New  York  . 

962 

17  hr.  46  min. 

London  to  Aberdeen  .    . 

639.75 

8  hr.  32  min. 

Chicago  to  Buffalo  .     . 

510.1 

8  hr.    1  min.    7  sec. 

Albany  to  Syracuse     . 

147.84 

2  hr.  10  min. 

Erie  to  Buffalo  Creek  . 

86 

1  hr.  10  min.  45  sec. 

Camden  to  Atlantic  City 

68.8 

46  min.  46  sec. 

Liberty  Park  to  Absecon 

49.8 

37  min.  30  sec. 

Berlin  to  Absecon  .     . 

35.6 

25  min.  45  sec. 

New  York  to  Philadelphia 

00 

1  hr.  17  min. 

74.  The  price  of  oats  in  December,  1901,  was  46}^  per 
bushel.  Find  the  value  of  25,000  bu.  of  oats  in  December, 
1901. 

75.  The  price  of  oats  in  June,  1900,  was  26  J  ^  per  bushel, 
and  in  August  of  the  same  year  it  was  21^  per  bushel.  If 
a  speculator  lost  $1050  by  buying  oats  at  the  former  price 
and  selling  at  the  latter,  how  many  bushels  did  he  buy  ? 

76.  A  speculator  in  Chicago  bought  10,000  bu.  of  corn  in 
February,  1901,  at  38f  ^  per  bushel,  and  sold  it  in  December, 
1901,  at  69^^  per  bushel.     Find  his  profit. 

77.  The  total  number  of  bales  of  cotton  exported  from  the 
United  States  for  the  season  of  1901-02  was  6,715,793, 
valued  at  $284,779,190.  Find  the  average  price  per  bale, 
correct  to  the  cent. 

7a  The  total  number  of  farms  in  Alabama  is  223,220;  the 
total  acreage  of  these  is  20,685,427.  Find,  correct  to  two  deci- 
mal places,  the  average  number  of  acres  to  a  farm. 
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79.  The  total  sugar  production  of  California  was,  in  1902, 
356,500  T.,  valued  at  $16,500,000.  Find  the  average  price 
per  100  lb. 

80.  According  to  the  census  of  1900,  the  number  of  persons 
employed  in  manufacturing  industries  in  Florida  was  1778, 
and  the  salaries  paid  amounted  to  $1,296,139.  Find  the 
average  salary  received  by  each  person,  correct  to  the  cent. 

8X.  The  total  enrollment  in  the  elementary  and  secondary 
schools  in  the  United  States  in  1901  was  15,603,451,  and  the 
total  number  of  teachers  was  430,004.  Find  the  average  num- 
ber of  pupils  to  a  teacher. 

"  82.  The  total  expenditure  for  higher  education  in  Canada  in 
a  recent  year  was  $1,014,254.  This  expenditure  was  19.5^ 
per  capita  of  the  total  population.  Find  the  population  of 
Canada. 

83.  The  total  expenditure  for  higher  education  in  Germany 
in  a  recent  year  was  $7,460,366.  The  per  capita  expenditure 
was  14.3^.    Find  the  population  of  Germany. 

The  cost  of  higher  education  in  Great  Britain  and  Ireland 
for  a  recent  year  was  given  as  $8,363,665.  The  per  capita 
expenditure  was  21.7  ^.  Find  the  population  of  Great  Britain 
and  Ireland. 

84.  The  total  amount  of  money  in  circulation  in  the  German 
Empire  is,  estimated  in  our  currency,  $1,080,100,000.  The 
per  capita  circulation  is  $19.63.  Find  the  population  of 
Germany. 

85.  Express  in  feet  .002367  of  a  mile. 

86.  Find  the  value  of  ^^  of  a  ton  + 1  of  a  hundredweight. 
Give  your  answer  in  pounds. 

87.  How  many  times  is  12  lb.  8  oz.  contained  in  2  T.  ? 

88.  Light  travels  at  the  rate  of  185,000  mi.  a  second.  How 
long  does  it  take  a  ray  of  light  to  pass  from  the  earth  to  the 
moon,  a  distance  of  239,000  mi.  ?  ^ 
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89.  How  many  cubic  yards  of  sand  are  required  to  fill  a 
street  1|  mi.  long,  40  ft.  wide,  to  the  depth  of  6  in.  ? 

90.  Express  f  of  a  day  as  a  decimal  of  a  common  year. 

91.  If  ^  of  an  acre  of  land  is  worth  $  23,  find  the  value  of 
85  A.  of  land. 

92.  If  .375  of  an  acre  of  land  is  worth  $22,  find  the  value 
of  67  A. 

93.  Multiply  68.4  by  .0027,  and  divide  the  product  by 
f  of  .96. 

94.  Find  the  value  of  .1875  of  a  guinea  +  f  of  £  1  +  .25  of 
Is.  Sd,    Give  your  answer  in  pounds,  shillings,  and  pence. 

95.  Reduce  12a.  6d.  to  the  decimal  of  £4  sterling. 

96.  (a)  Divide  $1293.46  by  .00  J.     (6)  Divide  $147.32  by 
.00|.     (c)  Divide  $  3473.85  by  .OOf.    (d)  Divide  $  3295  by  .OOf 

97.  (a)  Divide  $1456.77  by  .OOf     (b)  Divide  $3947.85 
by  .00}. 

9a   How  many  acres  in  a  field  160  ch.  long,  40  ch.  wide  ? 
99.   A  wheel  is  12^  ft.  in  circumference.    How  many  revolu- 
tions will  it  make  in  going  6  mi.  80  rd.  ? 

100.  How  many  bushels  will  a  bin  7  ft.  by  5  ft.  and  4  ft. 
deep  hold? 

101.  Reduce  |J  to  a  fraction  having  12  for  denominator. 

102.  .08  of  a  boy's  money  is  $6.  How  much  money  has 
the  boy  ? 

103.  .875  of  a  man's  property  is  valued  at  $21,700.  What 
is  the  value  of  the  man's  property  ? 

104.  How  many  acres  are  in  a  square  field  whose  side 
is  40  rd. ? 

105.  A  and  B  can  mow  a  field  in  7  da.  A,  B,  and  C  can 
mow  the  same  field  in  5  da.  for  $50.  What  should  C 
receive  ? 

106.  Write  decimally  three-eighths  of  one  hundredth,  and 
reduce  it  to  a  simple  decimal. 
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107.  Reduce  J,  ^,  3^,  and  -j^  to  equivalent  fractions  having 

100  for  denominator. 

1  fi  1fi 

108.  Find  the  difference  between  '-—  and  -—• 

16  .16 

109.  Reduce  16f  to  an  improper  fraction  having  16  for  a 
denominator. 

HO.  A  rectangular  field  which  is  18  rd.  wide  contains  6  A. 
How  much  will  it  cost  to  fence  the  field  at  76^  a  rod? 

.    lU.   What  decimal  of  4  ft.  2  in.  is  9  ft.  6  in.  ? 

112.  Find  the  least  fraction  which  added  to  ^,  J,  \,  ^,  and  ^ 
will  make  the  sum  an  integer. 

113.  Divide  27.8  of  a  yard  by  .00126  of  p  foot. 

114.  8  cwt.  20  lb.  of  sugar  cost  $  41.42.  What  will  1  T.  cost 
at  the  same  rate  ? 

115.  Find  the  least  length  which  is  a  multiple  of  1  ft.  3  in., 
1  ft.  8  in.,  2  ft.  1  in.,  and  2  ft.  6  in. 

116.  Twelve-tenths  of  a  number  equals  42.  Find  the 
number. 

117.  Divide  54,218  by  64,  using  the  factors  of  64. 

118.  A  train  166  yd.  long  passes  a  telegraph  pole  in  12  sec. 
Find  the  rate  of  the  train  in  miles  per  hour. 

119.  A  city  lot  42  ft.  by  120  ft.  Is  sold  for  $840.  At  this 
rate  find  the  value  of  1  A.  of  land  in  that  city. 

120.  Find  the  greatest  number  which,  when  divided  into 
1958  and  2741,  will  give  for  remainders  8  and  11  respectively. 

121.  By  buying  eggs  at  25^  per  dozen  and  selling  them  at 
60^  a  score,  a  dealer  makes  a  profit  of  $10.01.  How  many 
eggs  does  he  sell  ? 

122.  Reduce  |4fil  *^  ^*s  lowest  terms. 

123.  If  a  sum  of  money  which  will  pay  A's  wages  for  41| 
da.  will  pay  B's  wages  for  65J  da.,  for  how  long  will  it  pay 
both? 
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124.  If  gold  weighs  19.3  times  as  much  as  water^  and  copper 
8.9  times  as  much  as  water,  how  much  heavier  than  water  is  an 
alloy  consisting  of  16  parts  of  gold  and  3  of  copper  ? 

125.  A  rectangular  tank  is  18  ft.  8|  in.  long,  11  ft.  3|  in. 
wide,  and  contains  41  cu.  yd.,  6  cu.  ft.,  and  34^  cu.  in.  Find 
its  depth.    Find  the  area  of  each  of  its  faces. 

126.  A  tennis  court  is  42  yd.  long  and  20  yd.  wide.  It  has 
a  walk  around  it  6  ft.  wide.  Find  the  cost  of  paving  the  walk 
at  $  1.26  per  square  yard. 

127.  Telegraph  poles  along  a  certain  railroad  are  132  ft 
apart.  Find  the  rate  of  a  train,  in  miles  per  hour,  which  passes 
18  poles  in  24  sec. 

LONGITUDE  AND  TIME 

12a  A  train  leaves  New  York  City  at  9  a.m.,  Apr.  1, 1903, 
and  arrives  in  Carson  City,  Nev.,  in  109  hr.  15  min.  Find 
the  hour  of  the  day,  and  day  of  the  month.  Standard  time, 
that  it  reaches  its  destination. 

129.  The  time  of  mail  transit  between  Chicago  and  Santa 
F^,  N.  M.,  is  60  hr.  55  min.  "  The  California  Limited ''  leaves 
Chicago  at  10  p.m.  At  what  time,  by  the  clocks  in  Santa  Fe, 
should  "  The  California  Limited  "  pass  Santa  F^  ? 

130.  The  longitude  of  Cairo,  Egypt,  is  31''  21'  E.,  and  the 
longitude  of  Savannah,  Ga.,  is  SV  5'  30"  W.  Find  the  differ- 
ence in  time. 

131.  The  longitude  of  Toulon  is  6"*  66'  E.  The  time  differ- 
ence between  Toulon  and  Halifax,  N.  S.,  is  4  hr.  38  min.  4  sec. 
Find  the  longitude  of  Halifax. 

132.  The  time  difference  between  Toulon  and  Point  Barrow, 
Alaska,  is  10  hr.  48  min.  44  sec.  Find  the  longitude  of  Point 
Barrow. 

133.  The  time  difference  between  Osaka  and  Point  Barrow 
is  19  hr.  26  min.  48  sec.  Find  the  longitude  of  Osaka.  (See 
previous  problem.) 
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134.  (a)  The  difference  between  Standard  and  local  time  of 
Portland,  Me.,  is  19  min.    Find  the  longitude  of  Portland,  Me. 

(6)  The  difference  between  Standard  and  local  time  of  Fort 
Wayne,  Ind.,  is  20  min.    Find  the  longitude  of  Fort  Wayne. 

(c)  Cleveland,  0.,  uses  Central  time ;  the  difference  between 
its  local  and  Standard  time  is  33  min.  Find  the  longitude  of 
Cleveland,  O. 

PERCENTAGE 

135.  The  total  sugar  production  of  the  world  for  the  year 
1902  was  9,635,000  T.  The  amount  of  sugar  consumed  in  the 
United  States  the  same  yeai'  was  2,372,000  T.  What  per  cent 
of  the  world's  production  was  the  amount  consumed  in  the 
United  States? 

136.  The  foreign-born  population  of  New  Orleans,  according 
to  the  census  of  1900,  was  30,32d ;  of  this  number,  1262  came 
from  England,  4428  from  France,  8733  from  Germany,  6398 
from  Ireland.  What  per  cent  of  the  foreign-born  population 
of  New  Orleans  came  from  England?  from  France?  from 
Germany  ?  from  Ireland  ? 

137.  The  number,  of  Canadians  in  Detroit,  according  to  the 
census  of  1900,  was  25,400;  this  number  was  26.3%  of  the 
foreign-born  population.  Find,  correct  to  100,  the  number  of 
foreign-born  population  of  Detroit. 

138.  A  horse  is  sold,  at  a' loss  of  15%,  for  $127.50.  Find 
the  cost  of  the  horse. 

139.  By  selling  silk  at  $  1.60  per  yard,  a  dealer  makes  a 
profit  of  25%.  What  would  the  selling  price  be  if  he  made  a 
profit  of  12^%  ? 

140.  When  cloth  is  sold  for  $1.04  per  yard,  a  clothier 
makes  a  profit  of  30%.  What  would  his  profit  be  if  he  sold 
the  cloth  at  96^  per  yard  ? 

141.  A  wholesale  dealer  makes  a  profit  of  10%  on  canned 
goods.  The  retail  dealer  makes  a  profit  of  25%.  Find  the 
original  cost  of  canned  goods  which  cost  the  consumer  $  11. 

2i 
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142.  A  coal  merchant  buys  coal  by  the  long  ton  at  $  4.50  a 
ton,  and  sells  it  at  the  rate  of  <|^  5  a  short  ton.  Find  his  gain 
per  cent. 

143.  How  much  water  must  be  added  to  a  25%  wine  mixture 
to  make  it  a  20%  mixture? 

144.  A  sells  goods  to  B  at  a  profit  of  20%  ;  B  sells  them  to 
C  at  a  profit  of  20%  on  his  outlay;  C  sells  them  to  D  for 
$  180,  thereby  losing  16 J%.     How  much  did  the  goods  cost  A  ? 

145.  A  merchant  buys  goods  at  20%,  and  10%  off  list  price, 
and  sells  them  at  the  list  price.     Find  his  per  cent  of  gain. 

146.  When  20  lb.  of  tea  are  sold  for  what  22^  lb.  cost, 
what  is  the  gain  per  cent  ? 

147.  (a)  A  vessel  contains  31  gal.  of  wine  and  17  gal.  of 
water.  What  per  cent  of  the  mixture  is  wine  and  what  per 
cent  is  water  ?  (6)  How  many  gallons  of  water  must  be  added 
to  this  mixture  to  make  a  mixture  containing  60%  wine? 

14a  The  following  table  gives  the  distances  from  Atlantic 
to  Pacific  ports  by  the  present  routes : 

New  York  to  San  Francisco 13,244  mi.,  nautical 

New  York  to  Sydney 14,560  mi.,  nautical 

Charleston  to  San  Francisco 13,180  mi.,  nautical 

Charleston  to  Valparaiso 8,296  mi.,  nautical 

New  Orleans  to  San  Francisco  ....    13,644  mi.,  nautical 

New  Orleans  to  Melbourne 15,535  mi.,  nautical 

Galveston  to  San  Francisco 13,826  mi.,  nautical 

Galveston  to  Wellington 14,182  mi.,  nautical 

Liverpool  to  San  Francisco 13,844  mi.,  nautical 

Hamburg  to  Callao 10,702  mi.,  nautical 

Bordeaux  to  San  Francisco 13,691  mi.,  nautical 

The  following  table  gives  the  distances  from  Atlantic  to 
Pacific  ports  via  the  Panama  Canal  route : 

New  York  to  San  Francisco 5299  mi.,  nautical 

New  York  to  Sydney 9852  mi.,  nautical 

Charleston  to  San  Francisco 4898  mi.,  nautical 
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Charleston  to  Valparaiso 4229  mi.,  nautical 

New  Orleans  to  San  Francisco      ....  4698  mi.,  nautical 

New  Orleans  to  Melbourne 9826  mi.,  nautical 

Galveston  to  San  Francisco 4800  mi.,  nautical 

Galveston  to  Wellington 8392  mi.,  nautical 

Liverpool  to  San  Francisco 8038  mi.,  nautical 

Hamburg  to  Callao 6527  mi.,  nautical 

Bordeaux  to  San  Francisco 7938  mi.,  nautical 

What  per  cents  of  the  distances  by  the  old  routes  are  saved 
by  the  Panama  Canal  route  ? 

INTEREST 

149.  Find  the  simple  interest  on  $78  for  93  da.  at  8%. 

150.  Find  the  simple  interest  on  $98  for  63  da.  at  7%. 

151.  Find  the  amount  of  $  179  for  123  da.  at  6%. 

152.  Find  the  simple  interest  on  £  324  7s.  9d.  from  June  12 
to  Dec.  7  following  at  5%. 

153.  Find  the  simple  interest  on  £  1169  6s.  8d.  from  Jan. 
26  to  June  18  following  at  9%. 

154.  What  principal  will  produce  $19.50  in  1  yr.  at  6J%  ? 

155.  What  principal  will  produce  $180  interest  in  3  mo. 
at  5%  ? 

156.  What  principal  will  amount  to  $  412.50  in  7^  mo.  at  5%  ? 

157.  What  principal  will  amount  to  $  1219  in  3  mo.  5  da. 
at  6%  ? 

15a   What  principal  will  produce  $29.17  in  5  mo.  at  7%  ? 

159.  At  what  rate  will  $1000  produce  $23.33  interest  in 
4mo.  ? 

160.  What  principal  will  produce  75 ^  interest  in  9  da.  at  6%  ? 

161.  Find  the  exact  interest  on  $73.15  from  June  18  to 
Aug.  1  at  7%. 

162.  A  note  for  $8500  bearing  interest  at  8%  and  dated 
Jan.  2,  1900,  was  indorsed  as  follows:  June  7,  1900,  $450; 
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Aug.  2, 1900,  »208 ;  Jan.  2, 1901,  $500;  Jidy  7, 1901,  *800j 
Oct  4, 1901,  «500;  Jan.  11, 1902,  f  300;  Aug.  4, 1902,  f  700. 
Calculate,  by  the  United  States  Eule  for  paxtial  payments,  the 
amount  due  on  this  note  on  Jan.  1, 1903. 

163.  A  demand  note  dated  Jan.  5,  1902,  and  drawn  for 
$575  was  paid  6  mo.  18  da.  later.  Find  the  date  of  payment 
and  the  amount  of  the  note,  the  rate  of  interest  being  7%. 

BANK  DISCOUNT 

164.  A  note  for  60  da.  is  drawn  on  Jan.  10, 1903.  Find  the 
proceeds  of  this  note,  if  its  face  is  $  150,  the  date  of  discount 
Feb.  5,  and  the  rate  6^0-*    (Neglect  days  of  grace.) 

165.  A  note  for  $900,  dated  Mobile,  Ala.,  Jan.  8, 1903,  and 
drawn  for  90  da.,  is  discounted  March  1.     Find  the  proceeds. 

166.  A  60-day  note  bearing  interest  at  8%,  drawn  Feb.  1, 
1903,  for  *1000,  is  discounted  Feb.  27  at  9%,  Find  the  pro- 
ceeds of  this  note. 

167.  A  demand  note  was  drawn  Oct.  1, 1902,  for  f  800,  and 
paid  5  mo.  10  da.  later.  Find  the  date  of  payment  and  the 
amount  of  the  note ;  rate  of  interest,  7%. 

16a  The  proceeds  of  a  note  is  $450  when  the  term  of  dis- 
count is  93  da.,  and  the  rate  of  interest  is  8%.  What  is  the 
maturity  value  of  the  note  ? 

MENSUKATION 

169.  Find  the  area  of  a  parallelogram  if  its  base  is  100  yd. 
and  its  altitude  is  75  yd. 

170.  Find  the  area  of  a  trapezoid  if  its  parallel  sides  are  60 
yd.  and  80  yd.,  and  its  altitude  is  50  yd. 

171.  A  tract  of  land  is  sold  for  $  3943.84 ;  the  land  cost  as 
many  dollars  per  acre  as  there  were  acres  in  the  tiract.  Find 
the  cost  per  acre. 

172.  Find  the  number  of  square  yards  ni  ttue  walls  and  ceil- 
ing of  a  room  36  by  23,  and  16  ft.  bigb. 
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173.  Find  the  perimeter  of  a  square  which  contains  40  A. 

174.  A  tract  of  land  in  the  shape  of  a  rectangle  contains 
320  A. ;  its  length  is  twice  its  width.     Find  its  dimensions. 

175.  Find  the  area  of  an  equilateral  triangle  one  side  of 
which  is  100  ft. 

176.  Find  the  area  of  a  regular  hexagon  each  side  of  which 
is  60  ft. 

177.  Find  the  circumference  of  a  circle  whose  radius  is  56,6  in. 

178.  Find  the  area  of  a  circle  if  its  diameter  is  20  in. 

179.  Find  the  surface  of  a  sphere  whose  diameter  is  20  in. 

180.  Find  the  volume  of  a  cube  one  of  whose  dimensions  is 
1  ft.  3  in. 

181.  The  surface  of  a  cube  Is  221.0694  sq.  in.    Find  the 
length  of  one  edge  of  this  cube. 


MISCELLANEOUS   EXAMPLES  (B) 

(Taken  from  Various  Examination  Papers) 

1.  What  fractional  part  of  f^  of  a  gallon  is  ^  of  a  pint  ? 

2.  The  difference  in  time  between  two  places  is  2  hr.  33  min. 
Find  the  difference  in  longitude. 

3.  A  bicycle  wheel  measuring  88  in.  in  circumference  must 
make  how  many  revolutions  a  minute  to  run  eighteen  miles  an 
hour? 

4.  A  coal  bin  16^  ft.  long  and  8  ft  9  in.  wide  must  be  how 
deep  to  contain  10  T.  of  coal,  if  one  ton  of  coal  occupy  40  cu. 
ft.  of  space  ? 

5.  Reduce  2  yr.  21  da.  to  years  and  decimals  of  a  year. 

6.  Reduce  .09625  bbl.  to  integers  of  lower  denominations. 

7.  Find  the  value  of  a  piece  of  land  64  ch.  by  13^  ch.  at 
$  48^  an  acre. 

8.  Required  the  cost  of  18  2^  in.  plank  16  ft.  long  and 
10  in.  wide,  and  33  pieces  of  scantling  2  in.  by  4  in.  16  ft.  long, 
at  $22  per  M,  board  measure. 

9.  The  average  yield  per  bushel  of  wheat  is  14  bu.  1  pk. 
What  will  7  bu.  3  pk.  2  qt.  yield  ? 

10.  What  is  the  difference  in  weight,  expressed  in  Avoirdu- 
pois pounds,  between  100  lbs.  Troy  and  100  lbs.  Avoirdupois  ? 

11.  Reduce  to  simplest  form  3LjbJ:  _»_._£ — . 

12.  If  it  cost  $510  to  fence  a  rectangular  field  98  rd.  by 
72  rd.,  what  will  it  cost  to  fence  a  square  field  of  the  same 
area? 

13.  Express  f  as  a  decimal  fraction. 

486 
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14.  What  is  the  ratio  of  32  ft.  to  6  yd.  ?  Express  the  result 
decimally. 

15.  What  is  the  length  of  a  plank  1^  in.  thick,  1  ft.  6  in. 
wide,  containing  36  board  feet  ? 

16.  When  it  is  12  m.  in  New  York  City  (74°  W.),  what  is 
the  time  in  Manila  (120°  E.)  ? 

17.  If  the  value  of  \  of  f  of  an  estate  is  $  4600,  what  is  the 
value  of  ^  of  ^^  of  it  ? 

la  At  $  16  per  M,  board  measure,  find  the  cost  of  20  plank 
2  in.  by  8  in.  18  ft.  long,  and  30  plank  IJ  in.  by  6  in.  10  ft. 
long. 

19.  A  can  do  a  piece  of  work  in  6  da.and  B  can  do  the  same 
work  in  8  da.  How  long  will  it  take  B  to  finish  after  they 
have  worked  together  two  days  ? 

20.  20f  is  the  product  of  three  factors.  Two  of  these  factors 
are  If  and  4|.     Find  the  other  factor. 

21.  How  many  bushels  of  wheat  will  a  box  6  ft.  by  3 J  ft.  by 
2  ft.  8  in.  hold  ? 

22.  How  many  yards  are  in  .04675  mi.  ? 

23.  If  the  dividend  is  807  and  the  quotient  34^,  what  is  the 
divisor  ? 

24.  How  many  rods  of  fence  will*  inclose  a  square  field 
whose  area  is  20  acres  ? 

25.  Coal  sells  at  $  6.75  per  ton.  What  will  be  the  cost  of 
2315  lb.  at  this  rate  ? 

26.  How  many  gallons  of  water  will  a  tank  6  ft.  by  2  ft.  by 
2  ft.  hold? 

27.  Wliat  is  the  length  of  one  side  of  a  square  piece  of  land 
whose  area  is  638,756  sq.  rd.  ? 

28.  A  room  is  27  ft.  by  22  ft.  6  in.  How  many  yards  of 
carpet  27  in.  wide  will  be  required  to  carpet  this  room  ? 

29.  A  man  is  hired  to  dig  a  cellar  20  ft.  by  15  ft.  by  6  ft. 
How  much  money  will  he  receive  at  30^  per  cu.  yd.  ? 
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ao.   How  many  days  are  there  between  Aug.  14  and  Dec.  29  ? 

31.  Find  the  value  of  a  car  load  of  wheat,  estimated  at 
21,643  lb.,  at  92^  per  bushel. 

32.  Two  persons  travel  in  opposite  directions  from  the  same 
point  at  the  rate  of  4^  and  7|  mi.  per  hour,  respectively.  How 
far  apart  are  they  after  traveling  37^  hrs.  ? 

33.  A  man  was  bom  Nov.  22, 1861.    What  is  his  age  to-day  ? 

34.  Factor  the  following  numbers  and  from  these  factors 
determine  the  G.  C.  M. :  42, 112, 140,  308. 

35.  What  will  75  boards  2  in.  by  4  in.  by  16  ft.  long  cost  at 
$  12  per  M  board  measure  ? 

36.  160  rd.  of  fence  will  inclose  how  many  acres  ini  the  form 
of  a  square  ? 

37.  The  difEerence  in  longitude  between  two  places  is  7°  42' 
30".     Find  the  difference  in  time. 

38.  How  wide  is  a  rectangular  field  containing  5  A.,  the 
length  of  the  field  being  7  ch.  25  1.  ? 

39.  A  pavement  is  5^  rd.  long  and  8  ft  6  in.  wide.  What 
did  it  cost  at  $  1.40  per  sq.  yd.  ? 

40.  Three  men,  A,  B,  and  C  do  a  piece  of  work ;  A  works 
3  da.  of  5  hr.  each,  B,  2  da.  of  6  hr.  each,  and  C,  7  da.  of  3  hr. 
each.  At  the  same  rate  of  wages,  how  should  they  divide 
$120,  the  total  amount  received  for  doing  the  work? 

41.  A  miller  charges  ^  for  toll.  How  many  bushels  of 
wheat  must  one  take  to  mill  to  get  12  bbl.  of  flour,  each  con- 
taining 196  lb.,  if  a  bushel  of  wheat  makes  40  lb.  of  flour  ? 

42.  The  annual  rainfall  in  a  certain  locality  is  30  in.  How 
many  tons  of  water  fall  on  an  acre  of  land  in  this  locality,  if  a 
cubic  foot  of  water  weighs  1000  oz.  ? 

43.  How  much  does  a  man  gain  or  lose  on  the  sale  of  two 
houses  at  $  1200  each,  if  he  gains  ^  of  the  cost  price  oi^  one, 
and  loses  ^  of  the  cost  price  on  the  other  ? 
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44.  What  is  the  ratio  of  7  lb.  Troy  weight  to  10  oz.  Avoir- 
dupois ? 

45.  The  diTisor  is  357,  the  quotient  is  6f ;  what  is  the  divi- 
dend? 

46.  A  farmer  had  28  A.  of  land  left  after  selling  \  of  his 
farm  to  one  neighbor,  J  of  it  to  another,  and  ^  of  the  remainder 
to  another.    How  large  was  his  farm  ? 

47.  Multiply  &035  by  .0036,  add  3,  and  divide  the  sum  by 
.000626. 

4a  Divide  $469.26  into  three  parts  that  shall  be  to  one 
another  as  J,  |,  and  3  respectively. 

49.  When  it  is  two  o'clock  p.m.  in  Jerusalem,  what  is  the 
time  in  Cincinnati?  The  longitude  of  Jerusalem  is  36®  12' 
E.,  and  of  Cincinnati,  84**  26'  W. 

50.  Find  the  exact  number  of  days  between  Dec.  23,  1902, 
and  to-day. 

51.  A  man's  farm  is  mortgaged  for  |  of  its  cost ;  he  sells  it 
for  $6000  which  is  25%  above  its  cost.  How  much  money 
will  he  have  after  paying  the  mortgage  ? 

52.  A  note  for  $600,  dated  Oct.  24, 1902,  and  due  in  8  mo., 
with  interest  at  6%  per  annum,  is  discounted  at  bank  Dec.  20, 
1902.     Find  the  proceeds. 

53.  A  man  sold  two  lots  each  for  $600,  gaining  20  9^  on  one, 
and  losing  20%  on  the  other.     What  was  his  gain  or  loss  ? 

54.  A  man  buys  a  book  the  list  price  of  which  is  $  7.20,  at  a 
discount  of  16 J%,  and  sells  it  for  $7.60.  What  is  his  gain 
per  cent  ? 

55.  What  principal  at  interest  for  1  yr.  3  mo.  will  amount 
to  $606,  the  rate  of  interest  being  S%  per  annum  ? 

56.  Twelve  per  cent  of  90  is  what  per  cent  of  100  ? 

57.  At  the  following  rates  per  annum  of  simple  interest, 
what  time  is  required  for  the  accruing  interest  to  equal  the 
principal:   6%,  8%,  9^%  ? 
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sa  What  is  the  exact  interest  on  $10,000  from  Jan.  18, 
1903,  to  May  6, 1904,  at  3^%  ? 

59.  A  30-day  note,  without  interest,  is  discounted  at  a  bank 
at  8%  for  $350.     What  is  the  face  of  the  note  ? 

60.  Bonds  bearing  5%  interest  are  bought  at  120.  What  is 
the  rate  of  income  on  these  bonds  ? 

61.  An  agent  buys  sugar  at  4|^  per  pound;  his  commission 
at  J%  is  $25.     How  many  pounds  of  sugar  does  he  buy  ? 

62.  The  discount  of  a  note,  discounted  at  bank,  for  3  mo.  18 
da.  at  5%  is  $4.20.     Find  the  proceeds. 

63.  What  single  discount  is  equivalent  to  trade  discounts  of 
25%,  10%,  and  5%  on  the  list  price  of  an  article  ? 

64.  The  property  in  a  school  district  is  assessed  at  $  196,000. 
What  rate  of  taxation  would  be  required  to  provide  about 
$800  annually  for  the  improved  maintenance  of  the  schools? 
What  annual  tax  would  a  man  pay  on  this  account  whose  prop- 
erty is  assessed  at  $  1200  ? 

65.  A  man  sold  two  horses  at  $  80  each.  On  one  he  gained 
20%,  on  the  other  he  lost  20%.     Find  the  gain  or  loss. 

66.  What  must  I  ask  for  an  article  worth  $36  that,  after 
falling  20%,  I  may  gain  25%  on  the  value  ? 

67.  A  school  district  advertised  for  bids  to  build  a  school- 
house,  the  lowest  bid  being  $21,049.  If  it  costs  3%  to  collect 
the  money,  how  large  a  levy  should  be  made,  supposing  29% 
of  it  to  be  non-collectible  ? 

68.  What  must  a  man  pay  for  4%  stock  to  get  5%  on  his 
investment  ? 

69.  If  you  buy  United  States  3's  at  110,  what  per  cent  per 
annum  would  your  investment  pay  ? 

70.  A  merchant's  expenses  average  10%  of  his  sales.  At 
what  per  cent  advance  on  cost  must  he  sell  his  goods  to  clear 
20%  profit? 
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71.  A  merchant  sold  goods  to  the  amount  of  $  760.96,  thereby 
losing  11%.     What  did  he  pay  for  the  goods  ? 

72.  A  ship  is  insured  for  half  its  value  for  $374.  If  the 
rate  is  2J%,  what  is  the  value  of  the  ship  ? 

73.  A  carriage  dealer  sold  16  buggies  at  $200  each;  on  one 
half  he  gained  10%,  and  on  the  other  half  he  lost  10%.  Find 
his  net  gain  or  loss. 

74.  What  principal  will  amount  to  $1253.86  in  2  yr.  11  mo. 
13  da.,  interest  at  5%  ?  ' 

75.  How  do  you  find  the  rate  per  cent  per  annum  when  the 
principal,  interest,  and  time  are  given  ? 

76.  How  do  you  find  the  principal  when  the  rate  per  cent 
per  annum,  time,  and  interest  are  given  ? 

77.  How  do  you  find  the  time  when  the  principal,  rate  per 
cent  per  annum,  and  interest  are  given  ? 

78.  The  list  price  of  office  desks  is  $  15,  but  12  desks  are  sold 
for  $126.    What  rate  of  discount  is  allowed  ? 

79.  In  a  certain  time  $650  will  amount  to  $713.05  at  6% 
simple  interest.     Find  the  time. 

80.  A  note  for  $  500,  due  in  3  months,  is  discounted  at  bank 
at  6%.    Find  the  proceeds. 

81.  236^  is  what  per  cent  of  78f  ? 

82.  A  man  insures  his  life,  paying  a  premium  of  $  28,  which 
is  at  the  rate  of  |%  on  the  amount  of  his  insurance.  Find  the 
face  of  the  policy. 

83.  If  25%  of  the  selling  price  of  an  article  is  profit,  what 
is  the  per  cent  of  gain  on  its  cost  ? 

84.  A  man  fails  in  business;  his  assets  amount  to  $2100, 
his  liabilities  to  $6000.  What  per  cent  will  his  creditors 
receive  ? 

85.  What  is  the  interest  on  $475  for  1  yr.  3  mo.  24  da.  at 
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86.  A  man  bought  four  loads  of  hay,  each  weighing  2750  lb., 
at  $20  per  ton;  he  gave  in  payment  his  note,  without  interest, 
at  60  da.  What  are  the  proceeds  of  this  note,  discounted  at 
a  bank  at  6%  ? 

87.  What  per  cent  of  ^  is  |  ? 

8a  An  agent's  commissions  at  6%  amount  to  f  37.65.  Find 
the  amount  of  his  sales. 

89.  The  tax  on  property  assessed  at  $8500  is  $48^7.  What 
is  the  rate  on  $1000? 

90.  Find  the  date  of  maturity  of  a  note  made  and  dated 
Sept.  11, 1902,  and  payable  90  da.  after  date. 

91.  Find  the  cost  of  87  shares  of  stock  at  76^,  brokerage  | 
per  cent. 

92.  A  New  York  sight  draft  was  sold  in  Atlanta,  Ga.,  for 
$3542,  exchange  being  at  f  %  premium.  What  was  the  face 
of  the  draft? 

93.  What  per  cent  of  5  lb.  is  3  oz.  Avoirdupois  ? 

94.  An  agent's  commission  for  renting  a  house  is  $13.25; 
his  rate  of  commission  is  2^^%.  What  is  the  yearly  rent  of  the 
house  ? 

95.  A  man  pays  a  premium  of  $  160  for  insuring  his  house 
for  f  of  its  value;  the  rate  of  premium  is  1^  per  cent  per 
annum.     What  is  the  value  of  the  house  ? 

96.  A  building  worth  $6000  is  insured  for  f  of  its  value 
at  75  ^  on  the  $  100.  In  case  of  the  destruction  of  the  building 
by  fire,  what  will  be  the  owner's  loss,  including  premium? 

97.  What  per  cent  of  1  bu.  is  3  qt.  ? 

98.  A  merchant  can  buy  flour  on  six  months'  credit  at  $8 
per  barrel,  or  for  cash  at  $  7.60  per  barrel.  He  buys  100  bbl., 
paying  cash,  but  borrows  the  money  at  8%  to  pay  for  it.  Is 
this  better  than  to  buy  on  credit,  and  how  much  better  ? 

99.  A  man  sells  16  shares  of  bank  stock  at  127f ,  brokerage 
i%.     How  much  does  he  receive  for  his  stock  ? 
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100.  A  speculator  buys  stocks  at  20%  premium  and  sells  the 
same  stocks  at  10%  discount.  What  per  cent  of  his  invest- 
ment does  he  lose  ? 

101.  A  hardware  merchant's  books  show  sales  during  the 
month  of  March  amounting  to  $  1000.  One  half  of  his  sales 
are  at  a  profit  of  25  fo  on  the  cost,  and  the  other  half,  a  loss  of 
16^%  on  the  cost.  Find  the  cost  of  the  goods  sold  during  the 
month. 

102.  A  merchant  failing  in  business  paid  his  creditors 
$3874.75,  which  was  at  the  rate  of  55^  on  every  dollar  of  his 
indebtedness.     Find  his  indebtedness. 

103.  The  list  price  of  a  mower  is  $  38 ;  the  retail  dealer  is 
allowed  discounts  of  20%,  6%,  and  3%.     What  does  he  pay , 
for  mowers  ?     If  the  retailer  sells  these  mowers  at  a  profit  of 
60%,  what  does  the  farmer  pay  for  these  mowers  ? 

104.  A  certain  stock,  selling  at  121 1,  pays  a  semiannual 
dividend  of  4%.  What  is  the  rate  per  cent  per  annum  on  an 
investment  in  this  stock  ? 


APPENDIX 

The  succeeding  portion  of  the  book  is  intended  primarily  for 
teachers.  The  topics  are  treated  in  a  very  elementary  manner, 
but,  doubtless,  this  very  elementary  treatment  is  too  difficult 
for  the  average  grammar-grade  student. 

Special  attention  is  directed  to  treatment  of  Compound 
Interest,  Annuities,  and  Present  Worth.  So  far  as  the  authors 
know,  the  methods  of  attack  in  the  solutions  of  the  problems 
in  Annuities  and  Partial  Payments  are  new. 

SERIES 

387.   A  series  is  a  succession  of  numbers,  each  one  after  the 
first  being  formed  according  to  some  law,  e,g,  : 
I.     2  +  4  +  6  +  8-1-10-1-12,  etc. 
II.     2  +  4  +  8  +  16  +  32  +  64,  etc. 
III.     l  +  ^  +  i  +  J  +  |+i,etc. 
In  (I)  each  of  the  numbers  after  the  first  is  formed  from  the 
preceding  by  the  addition  of  2  to  the  preceding.     In  (II)  the 
numbers  increase  twofold  as  we  go  to  the  right.     In  (III) 
the  numbers  of  the  series  are  the  reciprocals  of  the  natural 
number  series. 

The  numbers  of  a  series  are  called  its  terms. 
A  series  in  which  the  difference  between  each  two  successive 
terms  is  the  same  is  called  an  arithmetic  series,  or  arithmetic 
progression. 

We   shall   use  the  letters  A.  P.   to  denote  an  Arithmetic 
Progression. 
Examples  of  Arithmetic  Progression  are 
3  +  5  +  7  +  9  +  11,  etc. 
19,  10,  13, 10,  7,  4,  etc. 
405 
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NOTATION 

388.  We  shall  use  Ai  to  denote  the  1st  term  of  an  A.  P. 

A2  to  denote  the  2d  term  of  an  A.  P. 

As  to  denote  the  3d  term  of  an  A.  P. 

A4  to  denote  the  4th  term  of  an  A.  P. 

A^  to  denote  the  nth  term  of  an  A.  P.,  i.e, 
any  term  of  an  A.  P. 
Then  ^j  -f  ^8-f-^,-f-44+  •  •  •  4»  niay  denote  any  A.  P.  whatever. 
We  shall  further  use, 

/Sj  to  denote  the  sum  of  2  terms  of  an  A.  P. 
Ss  to  denote  the  sum  of  3  terms  of  an  A.  P. 
S^  to  denote  the  sum  of  4  terms  of  an  A.  P. 
Si  to  denote  the  sum  of  5  terms  of  an  A.  P. 
S^  to  denote  the  sum  of  n  terms  of  an  A.  P. 
d  to  denote  the  common  difference  between  two  terms. 

389.  Given  the  Ist  term  and  the  common  difference  to  find 
any  other  term. 

A2=sAi-^d. 

As  =  Ai-\-d=^(Ai  +  d)  +d=zAi-^2d, 
A^  =  As-\-d=z(A^-\-2d)-^d  =  Ai-^Sd. 
^5  =  ^ -f  (i = (^1  +  3  d)  +  d  =  ^1  +  4  d. 

Ar  =  A^-^d  =  {Ai-\-5d)  +  d=:Ai'\-6d. 

A=^i  +  (n~l)d..-(I). 
The  nth,  or  last  term  equals  the  first  term  plus  one  less  than 
the  number  of  terms  multiplied  by  the  common  difference.     In 
case  each  term  gets  smaller  as  we  go  to  the  right 

Example  1.  Find  the  12th  term  of  the  A  P.  3-1-6+7+9+.... 
Solution.  ^  =  ^j  +  (n  —  1)  d. 

^,2  =  3+(12-l)2  =  3  +  llx2  =  25. 
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Example  2.  Find  the  17th  term  of  the  A.  P.  974-94-h91.+ .... 
Solution.  -4t  =  -^i  —  (^  —  1)^. 

^i7  =  97-(17-l)3  =  97-16x  3  =  97-48  =  49. 

EXERCISE  229 

1.  Find  the  10th  term  of  the  A.  P.  1  +  5  +  9  + 13  -f .... 

2.  Find  the  12th  term  of  the  A.  P.  3  -f  8  + 13  -h  18  +  — . 

3.  Find  the  2ath  term  of  the  A.  P.  5  +  11  +  17  +  23  +  .... 

4.  Find  the  18th  term  of  the  A.  P.  100  +  98  +  96  +  94  +  .... 
«,  Find  the  80th  term  of  the  A.  P.  160  +  147  +  144+ .... 

SUM  OF  AN  A.  P. 

380.  Since  ^1  =  ^1^ 

^8  =  ^i  +  d, 

^8  =  ^l  +  2d, 

^  =  ^i  +  3d, 
4j  =  A  +  4d, 

I.  5,  =  ^i  +  (^,  +  d)  +  (^i  +  2d)  +  (^i  +  3d)  +  (A  +  4c«) 
+  ...  +  A  +  (n~l)d 

Writing  the  suras  beginning  with  the  last  term,  we  have, 

II.  >S.  =  A4-(A-cO+(A~2c«)+(A-3d)+(A-4d) 
+  ...A-(n-l)d. 

Adding  I  and  II,  member  by  member,  we  have 
2^,«(-4i  +  A)  +  (^i  +  A)  +  (-4i  +  A)  +  (A  +  A)+-to 
n  terms. 

2  5,=.n(A-fA). 

The  sum  of  an  A.  P.  eqoali  ozM^alf  the  niiuber  of  terma  mul- 
tipUed  by  the  sum  of  the  fixBt  and  kuit  terma. 

This  rule  states  in  words  what  (2)  states  in  the  language  of 
mathematics. 
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We  may  derive  this  rule  from  concrete  instances  as  follows : 

7 -l_  10  4- 13 +  16  + 19  + 22 +  25  +  28. 

I        I I        I 


The  sum  of  the  first  and  last  terms  is  35. 
The  sum  of  the  next  pair  is  also  35. 
The  sum  of  the  next  pair  is  also  35. 
The  sum  of  the  next  pair  is  also  35. 

The  sum  of  all  the  terms  equals  35  x  the  number  of  pairs,  i.e, 

equals  the  sum  of  the  first  and  last  terms  multiplied  by  half 

the  number  of  terms. 

To  find  the  sum  of  an  A.  P.,  find  fixBt  the  last  term,  or  An»  then 

multiply  the  smn  of  the  first  and  last  terms  by  half  the  number  of 

terms. 

EXERCISE  230 

1.  Find  the  sum  of  10  terms  of  the  A.  P.  4  +  6  +  8  H . 

2.  Find  the  sum  of  12  terms  of  the  A.  P.  6  + 10  + 14  H . 

3.  Find  the  sum  of  15  terms  of  the  A.  P.  7  + 12  + 17  H . 

4.  Find  the  sum  of  18  terms  of  the  A.  P.  90  +  86  +  82  H . 

5.  Find  the  sum  of  all  the  odd  numbers  less  than  50. 

6.  Find  the  sum  of  all  the-  even  numbers  less  than  51. 

7.  Find  the  sum  of  the  numbers  exactly  divisible  by  3  which 
are  each  less  than  60. 

GEOMETRIC  SERIES 

391.  A  series  in  which  each  term  after  the  first  is  obtained 
from  the  preceding  term  by  multiplying  it  by  a  constant  fac- 
tor called  the  common  ratio  is  called  a  geometric  series,  or  geo- 
metric progression  (G.  P.)  e,g. : 

3+6  +  12  +  24  +  48  +  96. 

32  +  16  +  8+4  +  2  +  l+i  +  i  +  i+.... 

392.  We  shall  designate  the  1st  term  by  Ai\  the  2d  term  by 
Ai ;  the  3d  term  by  A^ ;  the  4th  term  by  A^ ;  the  nth  term  by 
4.. 
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We  shall  designate  the  common  ratio  by  r,  and  the  sum  of 
any  number  of  terms  by  S^. 

A2  =  Air. 
As=A,r^, 
A,  =  A,r^. 
A=Ai^. 

.-.  ^  =  A»— ^,....  (1) 

(1)  states  in  mathematical  language  the  fact  that  the  last 
term,  or  the  nth  term,  in  a  G.  P.  equals  the  first  term  multi- 
plied by  the  common  ratio  raised  to  the  power  indicated  by 
one  less  than  the  number  of  terms. 

393.   Since 

S^  =  A,  +  A,r-\^A,r^  +  A,r^-\-A,r^+'''A,7^'\  (a) 

Multiply  each  side  of  our  equation  by  r.    We  have 

rS^  =  A^r  +  AiT^  +  A^r^  +  A^r^  +  ...  A^r^.  (b) 

But      S^  =  A^r{-  A^r  +  AiT^  -f  A^f  +  Ai^"*  +  '"Ai7^-\         (a) 
Subtracting  (a)  from  (b),  we  have 

rS^-S^  =  Ajr-A^,OT 
.-.  (r-l)S,  =  A,(r-l). 

.-.  >^.=^ix?:^....  (2) 

r  — 1 
To  find  the  sum  of  a  number  of  terms  of  a  G.  P. : 

Raise  the  ratio  to  the  power  indicated  by  the  number  of  terms, 
from  this  subtract  one,  divide  by  the  ratio  minus  one,  and  multi- 
ply the  quotient  by  the  first  term.  v 

Example.    Find  the  sum  of  10  terms  of  the  G.  P.  3  +  6  -h 

12-1-.... 


Solution.     S„  =  AiX  ( t-\ 

Vr-i; 


^.o  =  3x?^  =  3x^^i:=^  =  3x^  =  3069. 
2  —  1  2  —  1  1 
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EXERCISE  231 

1.  Find  the  sum  of  the  G.  P.  of  6  terms,  2  -f  4  +  8  H . 

2.  Find  the  sum  of  the  G.  P.  of  8  terms,  4,  12,  36  H . 

3.  Find  the  sum  of  the  G.  P.  of  6  terms,  8,  12, 18  H . 

4.  Find  the  sum  of  the  G.  P.  of  7  terms,  27,  18, 12  H . 

5.  Find  the  sum  of  the  G.  P.  of  6  terms,  1  +  2|  +  6J  H . 

394.  Consider  the  G.P.  1  +  ^  + J  +  ^^  +  ^  +  ^  +  ^y  + 
•  ••  without  end. 

Here  each  succeeding  term  becomes  smaller  and  smaller. 
If  we  takQ  a  very  large  number  of  terms,  the  last  term  becomes 
nearly  equal  to  zero,  and  the  sum  of  the  series  approaches  in 
value  some  fixed  number  which  is  called  the  limiting  value  of 
the  sum  of  the  series. 

When  the  common  ratio  is  less  than  one, 

1  — r 

This  we  get  by  subtracting  (b)  from  (a)  (§  393). 

Any  proper  fraction  raised  to  a  very  large  power  becomes 
nearly  equal  to  zero.  For  instance  (f  )^**°  is  so  small  that  if  we 
were  to  take  that  part  jf  the  entire  earth  the  result  would  be 
less  in  volume  than  the  millionth  part  of  a  single  grain  of 
sand.  Therefore,  if  n  is  very  large  and  r  less  than  1  we  may 
neglect  r". 


l-r     l~r 
Example.    Find  the  limiting  value  ofl  +  J-h:^  +  -|--|-««-. 

EXERCISE  232 
Find  the  limiting  value  of  each  of  the  following  series  as  the 
number  of  terms  becomes  great  : 

1.  1  +  1  +  1  +  ^4-.... 

2.  9  +  6  -f  4  +  2|+.... 
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*•  "nnr "'"  i  o o o o  "•■  i  o o o o o o  H"  '**• 
^-  "nnr  +  i  o o o o  +  i  o o o o o o  +  "'• 
€•    A  "^"  1 0  0 0  "^  1 0  0  0 00  "^"  **'• 

7-  f +  TiT  +  Tl^it^^^-•••• 
S•  i  +  T[h+  asUoH — • 

CIRCULATING  DECIMALS 

395.  If  we  reduce  f  to  a  common  fraction,  we  get 

I  =  .222222+....  (m) 

If  we  reduce  |4  *^  ^  common  fraction,  we  get 

^  =  .17045464545  +  ....  (n) 

In  (m)  the  figure  2  is  repeated  without  end.  In  (n)  the  fig- 
ures 4,  5,  are  repeated  without  end. 

Decimals  of  this  character,  Le,  decimals  containing  a  bound- 
less number  of  figures,  some  or  all  of  which  are  repeated,  are 
called  drculatiiig,  or  recurring  deciinals.  The  figure  or  figures 
repeated  are  called  the  circulating  period.  A  decimal  in  which 
the  circulating  period  begins  at  the  decimal  point  is  called  a 
pure  circulating  decimal.  A  decimal  containing  figures  between 
the  decimal  point  and  the  circulating  period  is  called  a  mixed 
circulating  decimal.  Thus,  ^f  gives  rise  to  a  mixed  circulating 
decimal. 

A  circulating  period  is  indicated  by  writing  a  dot  over 
the  first  and  last  figures  of  the  period.  Thus,  .2  means 
.22222222222,  etc.  .43  means  .434343434343...,  etc.  .01234 
means  .01234234234,  etc. 

396.  Example  1.  Express  as  a  decimal  fraction  .2. 
Solution.     Denote  the  fraction  by  /. 

Then  /=  .2222222222222222 . . . ,  etc.  (c) 

10  /=  2.2222222222222222 . . . ,  etc.  (d) 

Subtracting  (c)  from  (d)  member  by  member, 
9/=  2.  .-./=*. 
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Example  2.   Express  as  a  common  fraction  .17046. 

Denoting  the  fraction  by/,  we  have, 

/=. 17046454646  +  .... 

100000/=  17046.464646  4-  — . 

1000/=  170.464646. 

.-.  99000/=  16876. 

/*=  IffgTg  —  IgggH  — -  IM  =  -14. 
J  —  dflOo.O  ""  792000  "~  7T2       tt* 

Example  3.   Reduce  to  a  common  fraction  .036. 
/=. 036036036 -I-.... 
1000/=  36.036036036  +  ... . 
.-.999/=  36. 

By  considering  examples  such  as  Example  2  and  Example  3, 
we  ai-e  led  to  the  following  conclusion : 

To  reduce  a  pure  circulating  decimal  to  a  common  fraction : 
Write  as  an  integer  the  figure  or  figures  of  the  circulating  period 
for  the  numerator  of  the  fraction,  and  for  the  denominator  ^^rite 
as  many  nines  as  there  are  figures  in  the  circulating  period. 

To  reduce  a  mixed  circulating  decimal  to  a  common  fraction : 

I.  Write  the  integer  represented  by  the  figures  to  the  end  of 
the  first  circulating  period. 

II.  Write  the  integer  represented  by  the  figures  to  the  begin- 
ning of  the  first  circulating  period. 

III.  Subtract  n  from  I,  and  write  the  remainder  as  the  niuner- 
ator  of  the  fraction,  and  for  its  denominator  "write  as  many  nines 
as  there  are  figures  in  the  circulating  period,  and  as  many  ciphers 
as  there  are  figures  in  the  non-circulating  part  of  the  decimal. 

EXERCISE  233 
1.   Reduce  to  circulating  decimals : 

(b)  Prove  your  answer  in  each  case  by  finding  the  fraction 
which  gave  rise  to  the  circulating  decimal. 
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2.  Eind  the  limiting  value  of : 

.36,  .63,  .90,  .80. 

(These  examples  are  given  under  G.  P.,  Exercise  232.) 

3.  What  fractions  give  rise  to  the  following  circulating 
decimals : 

.07846,  .428571,  .006,  .0013,  .02l8. 

4.  Add  .81,  .25,  .1137,  and  give  the  result  as  both  a  com- 
mon fraction  and  a  circulating  decimal. 

5.  Find,  correct  to  six  decimal  places,  the  value  of  the 
series  : 

1 1       ,  1 1  , 

1.2.3     1.2.3.4.5     1.2.3.4.5.6.7       *' 
(Dots  between  numbers  indicate  multiplication.) 

Find,  correct  to  six  figures,  the  value  of  the  series : 

6.  1 —  H = i 1 — ,  etc. 

1.2     1.2.3.4     1.2.3.4.5.6^      ' 

^'    ^■^i"^r2"^iT2T3"^1.2.3.4"^1.2.3.4.5"^'*''®*^* 
„    .   ,  1        1      ,     1.3     ,     1.3.5  1.3.5.7     . 

®*     -*■  T"  77  —  TmI — 7^   «    7^ — 7i — n    '    : 


2     2^.2     23.2.3     2*. 2. 3. 4     2^2-3.4.5 

11  3Uiy   5Uv        K^y 
10         1  _  1/^1  Y  4-^  fiy  _  1  fiM i_ 

20    3^^2oy  "^5V20y     7V2oy     7(:^y 

COMPOUND  INTEREST 

397.  Savings  banks  and  other  banks  which  give  interest  on 
deposits  add  the  interest  semiannually  or  annually  to  the 
amount  deposited.  This  interest  added  bears  interest  until 
the  next  date  of  balancing  the  depositor's  account  book.  The 
next  interest  is  added  in  the  same  way. 

Suppose  a  person  deposited  in  a  savings  bank  $250  and 
allowed  it  to  remain  there  for  10  yr.     The  question  might 
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be  asked,  how  much  will  principal  and  interest  amount  to  at 
the  end  of  that  time  ?  The  accruing  interest  in  this  case  is 
called  oompound  interest. 

398.   We  shall  designate  principal  by  p,  rate  of  interest  by  r, 
time  in  years  by  w,  and  amount  by  a. 

When  the  rate  of  interest  on  $  1  is  $  r  per  year,  the  amount 
of  $  1  at  the  end  of  1  yr.  is.  $(1  +  r). 
We  have  then, 

The  amount  of  $  1  in  1  yr.  =  $(1  +  r), 
The  amount  of  $|}  in  1  yr.  =  $p(l  +  r). 
To  get  the  amount  of  any  principal  for  1  yr.,  or  for  6  mo.,  or 
for  any  other  period  at  simple  interest,  we  multiply  the  prin- 
cipal by  the  amount  of  $  1  for  that  time. 

Take  now  $p{l-^r)  as  our  principal,  then  the  amount  of 
$;)  (1  +  r)  in  1  y r.  =  f  p  (1  +  r)  (1  4-  r)  =/>  (1  +  r)'. 

The  amount  of  li)(l  -f  ry  in  1  yr.  =  f  jp(l  +  r)\l  +  r)  = 
$i>(H-r)«. 

Similarly,  the  amount  of  $p(l+ry  in  1  yr.  =$  j?(l  +  r)*. 
At  compound  interest, 

$p  amounts  in  1  yr.  to  $p(l4-r). 
$p  amounts  in  2  yr.  to  fj?(l  +  /•)■. 
$p  amounts  in  3  yr.  to  $p{l  +  ry. 
9p  amounts  in  4  yr.  to  $p(l  +  ry. 
$p  amounts  in  5  yr.  to  $p(l-\-ry. 
$p  amounts  in  20  yr.  to  $j?(l  +  r)". 
Generally,  $p  amounts  in  n  yr.  to  $i>(l  +  r)*. 

At  compound  interest. 

The  amount  of  $  1  at  4%  for  20  yr.  is.$  (1.04)» 
The  amount  of  $  1  at  5%  for  20  yr.  is  $  (1.05)» 
The  amount  of  $  1  at  6%  for  20  yr.  is  $  (1.06)» 
The  labor  of  raising  1.06  to  the  20th  power  is  quite  con- 
siderable. 

A  student  who  has  a  working  knowledge  of  logarithms  can 
do  this  by  the  aid  of  a  table  of  logarithms  in  less  than  a  minute. 
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The  following  table  gives  the  amount  of  $1  at  compound 
interest : 


YB8. 

2% 

2*^% 

8% 

4% 

6% 

6% 

1 

1.020000 

1.026000 

1.030000 

1.040000 

1.060000 

1.060000 

2 

1.040400 

1.050625 

1.060900 

1.081600 

1.102600 

1.123600 

3 

1.061208 

1.076891 

1.092727 

1.124864 

1.167626 

1.191016 

4 

1.082432 

1.103818 

1.126609 

1.169869 

1.215606 

1.262477 

6 

1.104081 

1.131408 

1.169274 

1.216663 

1.276282 

1.338226 

6 

1.126162 

1.169693 

1.194052 

1.266319 

1.340096 

1.418619 

7 

1.148686 

1.188686 

1.229874 

1.315932 

1.407100 

1.503630 

8 

1.171659 

1.218403 

1.266770 

1.368669 

1.477455 

1.693848 

9 

1.196093 

1.248863 

1.304773 

1.423312 

1.551328 

1.689479 

10 

1.218994 

1.280086 

1.343916 

1.480244 

1.628896 

1.790848 

11 

1.243374 

1.312087 

1.384234 

1.539454 

1.710339 

1.898299 

12 

1.268242 

1.344889 

1.426761 

1.601032 

1.795866 

2.012196 

13 

1.293607 

1.378511 

1.468534 

1.665073 

1.886649 

2.132928 

14 

1.319479 

1.412974 

1.612590 

1.731676 

1.979932 

2.260904 

15 

1.345868 

1.448298 

1.567967 

1.800943 

2.078928 

2.396568 

16 

1.372786 

1.484506 

1.604706 

1.872981 

2.182875 

2.540352 

17 

1.400241 

1.521618 

1.652847 

1.947900 

2.292018 

2.692773 

18 

1.428246 

1.659659 

1.702433 

2.026817 

2.406619 

2.854339 

19 

1.466811 

1.698660 

1.753506 

2.106849 

2.526960 

3.026599 

20 

1.486947 

1.638616 

1.806111 

2.191123 

2.663298 

3.207136 

399.  Example  l.  Find  the  amount  of  $  2600  at  compound 
interest  for  12  yr.  at  5%. 

Solution.  a  =  $  2500  (1.05)^«  =  $  2500  x  1.795856  = 
$4489.64. 

Example  2.  Find  the  amount  of  f  5000  for  8  yr.  at  4% 
compound  interest,  the  interest  being  compounded  semi- 
annually. 

Solution.    $  5000  x  (1.02)^«  =:»5000  x  1.372786  =  $  6863.93. 
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ANNUITIES 

400.  A  payment  made  annually  or  semiannually  is  called 
an  annuity.  Under  this  head  come  the  premiums  paid  on  life 
insurance  policies. 

How  much  will  a  premium  of  $  30  paid  on  a  life  insurance 
policy  amount  to  in  20  yr.,  reckoning  compound  interest  at 
6%? 

Premiums  are  paid  in  advance.  The  first  premium  bears 
interest  for  20  yr.,  the  next  bears  interest  for  19  yr.,  the  next 
for  18  yr.,  the  last  premium  bears  interest  for  1  yr. 

Beginning  with  the  last  payment  and  reckoning  up  to  the 
first  payment,  we  have  for  the  value  of  $  1  of  premium : 
$  (1.06)  -h  $  (1.06)«  +  $  (1.06)8  +  .  .  .  $  (1.06)« 

This  is  evidently  a  geometric  series  in  which  the  first  term 
is  $  1.06  and  the  common  ratio  1.06. 

r*  —  1 
The  sum  of  a  geometric  series  is  Ai — •     In  our  problem 

^1  =  $  1.06,  r=  1.06. 

The  amount  of  $1=  $1.06  •  Qt^^^izl ^  $±,06  •  ^-^Q^l^-^ 

(1.06) -1  .06 

=  $1169.78.  ^       ^ 

The  amount  of  an  annuity  of  $  1  paid  annually  in  advance 

(1  4-  rY  —  1 

is  given  by  the  rule  (1  +  r)  •  ^    ^   ^ (a) 

r 

The  amount  of  an  annuity  of  $  1  paid  annually  at  the  end  of 
a  year  is  (t±l)!zil.  (6) 

In  (b)  each  payment  bears  interest  for  1  yr.  less  than  in  (a), 
and  therefore  their  sum  is  (1  +  r)  times  less  than  the  sum  in 
(a). 

EXERCISE  234 

1.  Find  the  amount  of  an  annuity  of  $  50  payable  in  advance, 
reckoning  compound  interest  at  5%  for  20  yrs. 

2.  Find  the  amount  of  a  premium  of  $  100  paid  to  an  insur- 
ance company  for  20  yrs.  at  4%. 
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/ 

3.  A  person  deposits  in  a  savings  bank  $  100  at  the  end  of 
each  6  mo.  for  10  jv.  Eeckoning  interest  at  2%  sen^iannu- 
ally,  how  mnch  is  he  worth  ? 

4.  A  person  deposits  in  a  bank  $100  at  the  end  of  each  year 
for  12  yr.  Reckoning  interest  at  3%,  what  is  the  amount  of 
his  bank  account  ? 

PRESENT  WORTH 

401.  Suppose  money  is  worth  5%.  If,  therefore,  you  in- 
vested f  100,  it  would  amount  to  $  105  in  1  yr.  If,  on  the 
other  hand,  you  had  $  105  due  you  at  the  end  of  a  year,  its 
present  value  would  not  be  $  105.  It  would  be  worth  no  more 
than  $100  when  money  is  worth  5%. 

The  present  cash  value  of  a  sum  of  money  due  at  some  time 
hence  is  that  sum  of  money  which,  put  at  interest  now,  would 
amount  to  the  given  sum  in  the  given  time.  This  present  cash 
value  is  called  present  worth. 

402.  Example  1.  What  is  the  present  worth  of  $  50,  due  6 
mo.  hence,  at  8%  ? 

Ans,  That  sum  which  now  invested  at  8%  would  amount  to 
$  50  in  6  mo. 

Designating  the  sum  by  5,  we  have 
aS(1.04)  =  $50 

5=  II?  =  $48.01. 
1.04 

Eocample  2.  When  money  is  worth  5%,  what  is  the  value  of 
a  legacy  of  $  1000  due  in  8  yr.  ? 

Solution.  The  answer  is  that  sum  which  if  invested 
now  would  amount  to  $1000  in  8  yr.  at  5%  compound 
interest. 

«(1.05)«  =  $1000. 
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Example  3.  What  is  the  present  value  of  an  annuity  of  $  200 

which  is  to  run  for  20  yr.,  reckoning  interest  at  4%  ? 

To  solve  this  question  there  are  two  steps : 

I.   Find  the  value  of  the  annuity  at  the  end  of  20  yr. 

XL   Find,  as  in  Example  2,  the  present  worth  of  this  sum. 

Solution  : 

$  200  X  ^^'^"^y"  ^  ^  =  $  200  X  ^'^^^l^  "  ^  =  $  5955.60.  (I) 
.04  .04 

S  X  2.19112  =  $  5955.60.  (II) 

S  =  ^  5955.60  _  ^  2718.06. 
2.19112 
Example  4.   A  man  borrows  $  3000  and  pays  it  in  6  equal 
annual  installments.     Find  the  amount  of  each  installment, 
rate  of  interest  being  6%. 

A  little  consideration  will  make  this  problem  quite  simple. 
If  each  installment  is  put  out  to  interest  as  soon  as  it  is  re- 
ceived, the  party  lending  the  money  will  have  $  3000  invested 
for  6  yr.  The  party  who  borrowed  the  money  pays  to  the 
lender  an  annuity  for  6  yr.  The  value  of  this  annuity  at  com- 
pound interest  must  exactly  balance  $  3000  at  compound  inter- 
est for  6  yr. 

Solution.     Value  of  $  3000  at  compound  interest  for  6  yr. 
=  $  3000  X  (1.06)«  =  $  3000  x  1.41862  =  $  4255.56. 

InstaUment  x  ^"^'^Z^^  =  *  4255.56. 
.06 

Installment  x  6.9753  =  $  4255.56. 

Installment  =  fi^5|^=$  610.10. 
D.97oo 

EXERCISE  235 

1.  Reckoning  simple  interest,  what  is  the  present  worth  of 
$  1505  due  in  1  yr.  3  mo.  at  6%  ? 

2.  If  money  is  worth  6%,  which  is  the  more  profitable,  to 
sell  a  suit  of  clothes  for  f  15  cash,  or  for  $  15.50  payable  in 
6  mo.? 
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3.  When  money  is  worth  6%,  what  should  be  deducted 
from  a  bill  for  $  522.50  due  9  mo.  hence,  if  the  bill  is  paid  now  ? 

4.  If  $4500  is  accepted  in  payment  of  a  debt  of  $4680, 
money  being  worth  6%,  when  is  the  debt  due? 

5.  Find  the  present  value  of  a  legacy  of  $  1225  due  in  5 
mo.  at  5%. 

6.  A  banker  discounts  a  note  for  $500  for  6  mo.  at  8%. 
-What  rate  of  interest  does  the  banker  receive  for  his  money  ? 

7.  On  what  sum,  due  1  yr.  hence,  would  the  present  worth 
at  6%  exceed  the  present  worth  at  8%  by  $  5  ? 

8.  The  difference  between  the  present  worth  of  a  sum  of 
money  due  3  mo.  hence  and  the  proceeds  of  a  note  for  the  same 
sum  of  money  discounted  at  a  bank  for  3  mo.  is  45^.  If 
money  is  worth  6%,  find  the  face  of  the  note. 

9.  A  banker  discounts  a  note  when  the  rate  of  interest  is 
7^%,  and  thereby  makes  8%  on  his  money.  Find  the  term  of 
discount. 

10.  Find  the  present  worth  of  $  5000  due  in  10  yr.  at  6%. 

11.  Find  the  present  worth  of  $  4000  due  in  8  yr.  at  5%. 

12.  Find,  the  present  worth  of  an  estate  which  brings  an 
annual  rental  of  $  1000,  money  being  worth  5%. 

Hint.    The  interest  on  present  worth  should  equal  the  rental. 

13.  Find  the  present  worth  of  an  annuity  of  $  400  for  15  yr. 
at  5%. 

14.  A  man  borrows  $1000  and  pays  it  back  in  5  equal 
annual  installments.  If  money  is  worth  5%,  find  the  amount 
of  each  installment. 

15.  (a)  A  person  borrows  from  a  loan  company  $3000, 
and  agrees  to  pay  in  50  monthly  installments  at  8%  interest. 
(Given  (l.OOf )^  =  1.39428,  find  each  installment.) 

(h)  If  he  paid  in  60  monthly  payments,  find  each  payment. 
(Given  (1.00f)«  =  1.48984.) 
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16.  If  $  2500  is  borrowed  at  7^%,  and  $  200  is  paid  every  4 
mo.  for  3  yr.,  how  much  is  due  at  the  end  of  the  third  year  ? 

17.  If  $4000  is  borrowed  at  8%  interest,  and  payments  of 
$  300  are  made  semiannually,  how  much  remains  due  at  the 
end  of  7  yr.  ? 

To  solve  the  last  four  examples  study  Example  3,  §  402. 

CUBE  ROOT 

403.  The  number  which  when  raised  to  the  third  power 
produces  a  given  number  is  called  the  cube  root  of  that  num- 
ber. In  other  words,  the  cube  root  of  a  number  is  one  of  its 
three  equal  factors ;  e.g,  4  is  the  cube  root  of  64,  since  4^  =  64. 

The  symbol  for  cube  root  is  V,  or  the  exponent  ^.  Thus, 
^125, 125»  both  mean  the  cube  root  of  125. 

404.  Before  we  undertake  to  extract  the  cube  root  of  num- 
bers, it  is  necessary  to  get  an  expression  for  the  cube  of  the 
sum  of  two  numbers  in  terms  of  those  numbers. 

Take  any  two  numbers,  a  and  b. 

(a  +  6)(a-f  6)=a2-f  2a64-&^ 

(a  +  6)(a  +  &)(a  4- &)  =  (a^  4- 2  a6  +  2>^(a  +  2>) =a(«'+2  a64-2>0 
4-6(a2+2a6+&^=a'  +  2a*6  +  a62-f  a%  +  2a62  +  68  =  a8  4-3a26 
4-3a62  +  63. 

.-.  (a4-6)'  =  a'^  +  3a%4-3a6«  + &'  =  «'  + (3a2  +  3a64-6>. 

The  cube  of  the  sum  of  two  numbers  equals  the  cube  of  the 
first  number  plus  the  second  number  multiplied  by  (three  times 
the  square  of  the  first  number,  plus  three  times  the  first  number 
by  the  second  number,  and  the  square  of  the  second  number). 

405.  If  we  raise  1, 10, 100, 1000  to  the  third  power,  we  get 

1«  =  1, 
103  =  1000, 
1008  =  1,000,000. 
1000^  =  1,000,000,000. 
Hence,  the  cube  root  of  all  numbers  greater  than  1  and  less 
than  1000  is  greater  than  1  and  less  than  10. 
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The  cube  root  of  all  numbers  greater  than  1000  and  less  than 
1,000,000  is  greater  than  10  and  less  than  100.  The  cube  root 
of  all  numbers  greater  than  1,000,000  and  less  than  1,000,000,000 
is  greater  than  100  and  less  than  1000.  In  other  words,  the 
cube  roots  of  numbers  whose  integral  parts  have  4,  5,  or  6  fig- 
ures consist  of  two  integral  figures,  and  of  numbers  whose  inte- 
gral parts  have  7,  8,  or  9  figures,  of  three  figures. 

Example,    What  is  the  cube  of  24  ? 

Solution.  24^=  (20+4)8  =  20^  +  (3  x  20^  +  3  x  20  x  4+4^)4 
=  8000  +  (1200  +  240  + 16)4  =  13,824. 


406.   Consider  next  the  inverse  operation,  V13,824  =  ? 
By  trial,  we  find  the  ^/13,824  is  greater  than  20  and  less  than 
30.     It  is,  therefore,  equal  to  20  plus  some  number  which  we 
denote  by  x, 

(20 +  «)»  =  13,824. 
.-.  208  + (3  X  20^  +  3  X  20  xaj-faj^a;=  13,824. 
.-.  8000  +  (1200  +  60aj  +  aO«  =  l'%824. 
.-.  (1200  +  60 aj  +  aj2)aj  =  5824. 

Since  1200  is  contained  in  5824  4  times,  we  try  4  as  a  pos- 
sible value  of  X. 

(1200  +  60  X  4  +  48)  4  =  (1200  +  240  + 16)  4  =  5824. 
.-.  ■v/i3;824  =  24. 

We  shorten  the  work  as  follows : 

Mark  off  the  figures  of  the  number  in  periods  of  three  figures, 
beginning  at  the  decimal  point. 
Mnd  the  greatest  cube^c^^^^  3x20-1200      13,824 

m  the  period  to  the  left.     Write     3  ^  20  x  4  =  240      "8^ 

it  as  the  first  figure  of  the  re-  /la—     ia        ksioa 

quired  root.  '  Cube  it  and  sub-  ""  tj^        koo  j 

tract.     Take  down  three  figures.  

For  trial  divisor  take  3  times  the  square  of  the  part  of  the  root 
found,  I.e.  3  x  20^=  1200.  Divide  it  into  5824  and  write  4  as 
the  next  figure  of  the  root.  Then  take  3  times  20  times  4. 
Next,  take  4^.     Add  the  three  results  and  multiply  the  sum  by  4. 
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EXERCISE  236 
Find  the  cube  roots  of : 

1.  2197.               6.     91,125.  U.   592,704. 

2.  10,648.               7.   157,464.  12.   681,472. 

3.  15,626.               8.   250,047.  13.   884,736. 

4.  39,304.               9.  300,763.  14.  970,299. 

5.  74,088.             10.  438,976.  15.  551,368. 

407.   Example.    Extract  the  cube  root  of  94,818,816. 

Mark  off   the  jfigurea  in 

periods    of     three     figures  4     6     6 

each.    We  then  proceed  to  94,818,816 

extract  the  root  of  the  num-  64 


ber  denoted  by  the  figures  3x40«  =  4800      30,818 

in  the  two  periods  to  the      3x40x5=   600      27,125 
left.     The  required  root  is  &=z_26        3,693.816 

450  plus  some  number.     De-  5425 

note  this  number  by  x. 

(450 +  »)«  =  94,818,816. 

450»  4-  (3  X  450"  -h  3  X  450  0?  +  05*)  a?  =  94,818,816. 

91,125,000  4-  (607,500  + 1350  a?  +  o^  =  94,818,816. 

(607,600  + 1350  aj  +  a5»)a?=  3,693,816. 

Trying  6  as  a  possible  value  of  a?,  we  get  (607,5004-8100+36)6 

=  3,693,816.  

.-.  ■v/94,818,816  =  456. 
Beginning  once  more,  the  work  stands  as  follows : 
3x40^  =  4800 
3x40x5=  600  4     66 

52  =  _26        94,818,816 
5425        64 

30,818 
3  X  460«  =  607,500        27,125 
3  X  450  X  6  =      8100         3,693,816 

6'=-^ 36         3,693,816 

616,636 
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To  extract  the  cube  root  of  a  decimal,  we  mark  off  the  figures 
in  periods  of  three  figures  each,  beginning  at  the  decimal  point 
and  proceeding  to  the  right.  The  mechanical  work  of  extract- 
ing the  root  is  then  performed  in  the  same  manner  as  if  the 
number  were  an  integer. 

To  extract  the  cube  root  of  a  fraction  whose  denominator  is 

not  a  perfect  cube,  reduce  the  fraction  to  a  decimal,  and  then 

extract  the  cube  root  of  this  decimal  to  any  required  degree  of 

approximation. 

EXERCISE  237 

Extract  the  cube  roots  of : 

1.  14,348,907.  3.  482,285,444. 

2.  17,173,512.  4.  100,644,625. 

5.  121,287,375. 
6.   Extract  the  cube  root  to  three  decimal  figures  of : 

(a)  .2.  (d)  If  (g)  7.3. 

(b)  .7.  (e)  If.  (ft)  i. 

(c)  .9.  (/)1.1.  (t)  f . 

It  is  not  possible  to  express  exactly  by  any  sequence  of  fig- 
ures the  square  root  of  a  number  which  is  not  a  perfect  square. 
The  square  root  of  2,  the  square  root  of  3,  the  square  root  of  5, 
etc.,  give  rise  to  decimals  which  neither  terminate  nor  circulate. 

Similarly,  the  cube  root  of  2  gives  rise  to  a  decimal  which 
neither  terminates  nor  circulates. 

408.  Any  integer,  any  decimal  consisting  of  a  definite  num- 
ber of  figures,  or  any  circulating  decimal,  is  called  a  rational 
number. 

Any  indicated  root  which  does  not  give  rise  to  a  rational 
number  is  called  a  surd,  or  irrational  number. 

That  a  surd  neither  terminates  nor  circulates  may  be  easily 
shown  in  individual  instances,  e,g,  take  the  V2.  If  the  V2 
equals  a  terminating  decimal  or  a  circulating  decimal,  then  we 
can  reduce  this  decimal  to  a  common  fraction,  whose  terms  are 

both  integral.    Let  ^  be  such  a  fraction  in  its  lowest  terms. 

0 

2l 
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Then, 


|=V5. 


b' 


=  2. 


.'.  h^  is  a  measure  of  aK 

.*.  5  is  a  measure  of  a.  But  this  is  impossible  since  h  is 
prime  to  a. 

That  the  square  root  of  an  integer  which  is  not  the  square 
of  some  integer  can  never  equal  a  rational  number  is  proved  in 
a  simple  and  elegant  manner  in  "  Dedekind's  Continiiity  and 
Irrational  Numbers,"  translation  by  Professor  Beman. 

CONTRACTED  MULTIPLICATION 

409.   Multiply  1.123456  by  2.327413,  and  give  the  result 
correct  to  four  decimal  figures. 
(1)   Multiply  in  the  usual  way : 


1. 123456 

(2)  Contracted  Process 

2.327413 

1.123456 

3 

370368 

3.147232 

11 

23456 

2  246912 

449 

3824 

337037 

7864 

192 

22469 

22469 

12 

7864 

337036 

8 

449 

2246912 

11 

2614746 

099328 

3 

Ans,  2.6147. 


2.614745 


Write  the  units'  figure  of  the  multiplier  in  the  sixth  place, 
and  the  other  figures  as  indicated.  Multiply  by  2  and  write 
the  product.  Then  multiply  the  next  figure,  3  by  5,  and  carry 
2,  because  3  sixes  is  nearer  to  20  than  to  10.  The  other  figures 
to  the  left  are  multiplied  by  3  in  the  usual  manner. 

Multiply  by  2,  7,  etc.,  in  a  similar  manner.  Reject  the  last 
two  figures  of  the  final  product. 

This  method  is  old.     It  is  due  to  Oughtred  (1574-1660). 
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OTHER  SYSTEMS  OF  NOTATION 
410.   Roman  System  of  Notation.     In  the  Roman  system 


I  stands  for 

1 

LXX  stands  for 

70 

X  stands  for 

10 

LXXX  stands  for 

80 

C  stands  for 

100 

CX  stands  for 

110 

M  stands  for 

1000 

GXX  stands  for 

120 

V  stands  for 

5 

CXXX  stands  for 

130 

L  stands  for 

60 

CXL  stands  for 

140 

D  stands  for 

500 

CL  stands  for 

160 

IV  stands  for 

4 

CLX  stands  for 

160 

XL  stands  for 

40 

CLXX  stands  for 

170 

CD,  or  CCCC,  stands  for 

400 

CT.XXX  stands  for 

180 

IX  stands  for 

9 

CXC  stands  for 

190 

XC  stands  for 

90 

CO  stands  for 

200 

CM  stands  for 

900 

CCC  stands  for 

300 

XX  stands  for 

20 

DC  stands  for 

600 

XXX  stands  for 

30 

DCC  stands  for 

700 

LX  stands  for 

60 

DCCC  stands  for 

800 

In  the  Roman  system,  the  value  of  a  letter  remains  the 
same.  There  is  no  decimal  point  nor  any  place  value.  To  get 
the  value  of  a  number  when  it  is  expressed  in  this  system,  add 
the  values  of  the  numbers  represented  by  the  letters  of  the 
number,  remembering  that  IV,  IX,  XL,  XC,  CD,  CM  are  re- 
garded as  single  characters,  standing  respectively  for  4,  9,  40, 
90,  400,  900. 

In  Roman  notation,  I,  X,  M  may  be  repeated  three  times, 
C  may  be  repeated  four  times.  Thus,  CCCC  stands  for  400. 
V,  L,  D  are  never  repeated.  It  is  quite  often  stated  that,  in 
this  system,  when  a  letter  of  less  value  precedes  a  letter  of 
greater  value,  the  value  of  the  former  is  subtracted  from  that 
of  the  latter.  This  is  so  as  regards  IV,  XL,  XC,  CD,  CM.  In 
no  other  case  is  it  permissible  to  write  a  letter  of  less  value 
before  one  of  greater  value.  A  bar  over  a  letter  multiplies  the 
original  value  of  the  letter  one  thousand  fold.     Thus  V  stands 
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for  5000,  X  stands  for  10^000.  The  Bomans  themselyes  as  a 
rule  used  no  system  of  notation  in  writing  numbers  above  a 
few  thousand.  Large  numbers  were  not  written  in  symbols; 
these  they  wrote  in  words. 

To  express  a  number  in  the  Roman  system,  we  write  first 
the  chai'acter  of  less  value  than  the  number  and  nearest  to  the 
number  in  value.  Take  the  remaining  part  of  the  number  and 
treat  it  in  the  same  manner.  Treat  the  next  remaining  part 
in  the  same  manner,  and  so  on. 

Write  8  in  the  Roman  system. 

Write  first  V.  Take  the  remaining  portion,  3,  and  for  it 
write  III.    Ans,  VTII. 

Write  in  the  Roman  system  98. 

We  first  write  XC  for  90.  We  then  take  the  remainder,  and 
writing  V  for  5  and  III  for  3,  we  have  XCVIII  for  d8. 

Write  1903. 

Write  first  M  for  1000,  then  CM  for  900,  and  III  for  3.  We 
have  then  for  1903,  MCMIII. 

SCALES  OF  NOTATION 

411.  In  the  decimal  system  of  notation,  10  is  the  basis  of 
the  system,  or,  in  technical  language,  the  radix  of  the  system.  | 
In  the  decimal  system,  the  figures  27,385  stand  for  2  ten-  i 
thousands,  7  thousands,  3  hundreds,  8  tens,  and  5,  or  | 

2  X  10*  +  7  X  10«4-3  X  10»  +  8  X  10^  +  5.  j 

There  is  no  reason  why  the  system  of  notation  in  general 
use  should  have  10  for  its  radix.  People  have  used  this 
system,  and  that  is  the  reason  for  it.  As  a  matter  of  fact, 
10  is  a  very  good  radix;  12,  however,  would  make  a  better 
radix.  If  8  were  the  radix  of  a  system  of  notation,  the  figures 
3256  would  stand  for 

3x8»-h2x8*4-5x8  +  6.  ,' 

412.  In  a  scale  in  which  6  is  the  radix,  what  is  the  value  d\ 
23,645,  expressed  in  the  decimal  system  ? 
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Solution: 
2x6<  +  3x6»  +  2x6'  +  4x6  +  6  =  2692  +  648  +  72  +  24  +  6 

=.3341. 

Since  6  units  of  one  order  equal  1  unit  of  the  next  higher 
order,  we  may  -work  this  example  as  v©  bare  worked  problems 
in  reduction  of  oompovmd  quantities. 

23245 

e ^ 

16 

J 

92 

_6 

556 

6 

3341 

f 

A  problem  to  <;onvert  an  integer  from  any  other  scale  to  the 
decimal  scale  is  worked  in  the  same  manner. 

413.  Take  a  number  in  the  decimal  system,  for  instance, 
7293,  and  divide  it  as  often  as  possible  by  6. 


7293 


1215,  rem.  3 


202,  rem.  3 
33,  rem.  4 


5,  rem.  3 

The  first  remainder,  3,  consists  of  3  imits  of  the  same  kind 
as  the  units  of  7293. 

The  second  remainder,  3,  consists  of  3  units  of  the  same 
kind  as  the  units  of  1215,  i.e.  groups  of  6  each. 

The  third  remainder,  4,  consists  of  4  units  of  the  same  kind 
as  the.  units  of  202,  i.e.  groups  of  36,  or  6^  each. 

The  fourth  remainder,  3,  consists  of  3  units  of  the  same  kind 
as  the  units  of  33,  i.e.  groups  of  216,  or  6^  each. 

The  last  quotient,  5,  conMsts  of  groups  of  1*296,  or  6*  each. 
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Writing  the  last  quotient  and  the  remainders  in  succession, 
we  have 

53,433.    The  6  represents  6  x  6*. 

The  3  next  to  6  represents  3  x  6^. 
The  4  next  to  3  represents  4  x  6\ 
The  3  next  to  4  represents  3x6. 
The  3  to  the  right  represents  3. 

The  combination  53,433  is  a  number  in  the  scale  whose 
radix  is  6. 

The  conversion  of  any  other  integer  from  the  decimal  sys- 
tem to  a  system  having  some  other  number  than  10  for  radix  is 
done  in  a  similar  manner. 

OAK 

In  the  decimal  scale,  .345  =  t?;  +  777-  4-  77^* 

10     10^     10^ 

OAK 

In  a  scale  whose  radix  is  6,  .345  =  f  +  s  +  as' 

414.  Transform  .345  from  the  scale  of  6  to  the  decimal 
scale. 

.345  =  1 4- 1;  +  4  =  some  fraction. 
6     6'     6* 

Denote  this  fraction  by  F. 

6     6«     6^^ 

.-.     36F=3x6-h4  +  f 
.-.  2162:^=3  x6«-f-4x  64-5. 

(Notice,  we  can  multiply  .345  in  the  scale  of  6  by  6'  by 
moving  the  decimal  point  three  places  to  the  right.) 

216  F=  137. 
We  can  reduce  this  fraction  to  a  decimal  in  the  usual  way. 


APPENDIX  519 

415. 


Beduce  .725  to  a  decimal  in  the  scale  of  8. 

.726 

8 

6.800  8tli8. 

8 
6.4 

64ths. 

8 
3.2 

612tlis. 

8 
1.6 

4096th8. 

8 
48 

32768th8. 

8 
6.4  •.. 

.-.   726  =  -4--  +  --f~4--+...  =  .66314. 

8     8^     8«     8*     8* 

Eeduce  f  to  a  decimal  in  the  scale  of  6. 
f  X  6  =  y  =  3f  sixths, 
f  X  6  =  J^^  =  2  thirty-sixths. 
.-.  I  =  t  -f  ^  =  .32  in  the  scale  of  6. 

416.   In  a  scale  whose  radix  is  12, 
}  =  .6.  i  =  .2.  i=.14. 

J  =  .4.  I  =  .i86  tS5*.  ^^  .12497. 

^  =  .5497.  i  =  .16.  ^  =  .1. 

In  a  scale  whose  radix  is  10, 
i  =  .5  i  =  .2  i  =  .126  ^  =  .09 

i  =  .3  i  =  .16  i  =  .i  T»j=083 

i  =  .26  |  =  .i42867  A  =  .l 

An  examination  of  the  above  results  seems  to  indicate  that 
12  is  a  more  convenient  basis  for  a  system  of  notation  than  10. 
*  ( stands  for  10. 
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CASTING  OUT  NINES 

417.  I.  The  remainder  obtained  by  dividing  any  integer  by 
9  is  the  same  as  the  remainder  obtained  by  dividing  the  sum  of 
the  digits  of  the  number  by  9. 

Proof,     Denote  the  digits  of  the  number  by  a,  b,  c,  d,  e, 
.-.  The  number  =  a  x  10*  +  6  X  10"  +  c  x  10^  +  (^  x  10  -f  e 
=  10,000a  -f  1000  b  -f  100c  +  lOd-^e, 
9999  a4-999  6  +  99c  +  9d-ha  +  6-fc  +  c«-fe. 
9  is  a  measure  of  each  of  the  first  four  terms  of  the  last 
expression  and  therefore  of  their  sum. 

.-.  The  number  ^  9  =  an  integer  +  <^  +  ^+^-^d  +  ^. 

.-.  The  proposition  is  proved. 

II.  Let  A  =  9m-{-  a  {Ay  w,  a,  integers,  and  a  less  than  9). 

Let  B  =  9n-^b  (B,n,b,  integers,  and  b  less  than  9). 

.-.  AB  =  Slmn'\'9na  +  9inb-^ab. 

...  ^  =  an  integer -h|. 

Therefore,  in  an  exercise  in  multiplication  of  integers  the 
remainder  obtained  by  casting  the  nines  out  of  the  product  is 
the  same  as  the  remainder  obtained  by  casting  the  nines  out  of 
the  multiplier  and  multiplicand  and  then  out  of  the  product  of 
these  remainders. 

TABLES 
Apothecaries^  Weight  Long  Measukb 

20  grains  (gr.)        =  1  scruple  (3)       12  inches  (in.)  =  1  foot  (ft.) 

3  scruples  =  1  dram  (3)  8  feet  =  1  yard  (yd.) 

8  drams  =  1  ounce  (  5  )  5J  yards         =  1  rod  (rd.)  or  pole 

12  ounces  =  1  pound  (lb)        40  rods  =  1  furlong 

Liquid  Measure  »  furlongs       =  1  mile  (mi.) 

4  gills  (gi.)    =  1  pint  (pt.)  Tbot  Weight 

2  pints  =  1  quart  (qt.)  24  grains  (gr.)  =  1  pennyweight 

4  quarts  =  1  gallon  (gal.)  (pwt.) 

31 J  gallons  =  1  barrel  (bbl.)  20  pennyweights  =  1  ounce  (oz.) 

2  barrels  =  1  hogshead  (hhd.)  12  ounces  =  1  pound  (lb.) 
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Drt  Measure 
2  pints  (pt.)  =  1  quart  (qt.) 


Paper  Measure 
24  sheets  =  1  quire 


8  quarts                  =  1  peck  (pk.) 

20  quires                         =  1  ream 

4  pecks                   =  1  bushel  (bu.) 

2  reams                         =  1  bundle 

Numerical  Measure 

5  bundles                       =  1  bale  . 

12  artioles                :=  1  dozan 

Circular  Mbasusx 

12  dozen                    =  1  gross 

60  seconds  ('')  =1  minute  (') 

12  gross                    =  1  great  gross 

60  minutes        =  1  degree  (°) 

20  articles                s=  1  score 

80  degrees        =  1  sign  (S.) 

Avoirdupois  Weight 
16  drams  (dr.)  =  1  ounce  (oz.) 
16  ounces           =  1  pound  (lb.) 
26  pounds           =  1  quarter 

12  signs             =  1  circle  (C.)  or 
circumference 
860  degrees         =  1  circumference 

Nautical  Measure 

100  pounds         =  1  hundredweight 

6  feet                 =  1  fathom 

(cwt.) 

608  feet                 =  1  cable  length 

20  cwt.                =  1  ton  (T.) 

10  cable  lengths  =  1  nautical  mile 

2240  poTlnds       =  1  long  ton 

(6080  feet) 

The  f ollowmg  denominations  are  also  use^ : 

1.162  statute  miles  =  1  geographic  mile,  or  knot 

8  geographic  miles  :=  1  league 

60  geographic  miles,  or )      ^  ,  *  i  *...  j  .j. 

/»/^  1    X  i.  X       -1  !•  =  1  degree  of  latitude  on  a  mendian 

69. 1  statute  miles  J  ® 

360  degrees  =  the  oircumference  of  the  earth 


4  inches                s=  1  hand 

SUBVSYORS*   AXD  LaND   MEASURE 

9  inches                ^  1  span 
21.888  inches         =  1  sacred  cubit 

7.92  inches              =r  1  link  (1.) 
25  links                   s;  1  rod 

3  feet                   -  1  pace 

4  rods                      s=  1  chain  (ch.) 

Time  Measure 

10  square  chainf     s  1  acre 

60  seconds  (sec.)  =  1  minute (min.) 

640  acres                 =  1  square  mile 

60  minutes            =  1  hour  (hr.) 
24  hours                =  1  day  (da.) 
7  days                 =  1  week  (wk.) 

625  square  links  (sq.  1.)  =  1  pole  (P.) 
16  poles                       =  1     square 
chain 

4  weeks               =  1  lunar  month 
30  days                  =  1  commercial 

Apothecaries-  Fluid  Measure 

month 

60  minims  (m.)=  1  fluidrachm(f  3) 

12  months             =  1  year 

8  fluidrachms     =  1  fluidounce(f  J  ) 

366  days                =  1  common  year 

16  fluidounces   =  1  pint  (0) 

366  days               s=  1  leap  year 

8  pints               =  1  gallon  (Cong.) 
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Cubic  Mbasubb 

1728  cubic  inches  (cu.  in.)  =  1  cubic  foot  (cu.  ft.) 

27  cubic  feet  =  1  cubic  yard  (cu.  yd.) 

16  cubic  feet,  or  1      ,      _j    *        ^  ^  j  ^ 

,  .    ,  '  J^  =  1  cord  of  wood  (cd.) 

8  cord  feet  J  ^      ^ 

24}  cubic  feet  =  1  perch  of  stone  or  masonry  (pch.) 

Squabs  Mbasubb 

144  square  inches  (sq.  in.)  =  1  square  foot  (sq.  ft.) 
9  square  feet  =  1  square  yard  (sq.  yd.) 

30^  square  yards  =  1  square  rod  or  perch  (sq.  rd.  or  sq.  pcb.) 

40  square  rods  =  1  square  rood  (sq.  R.) 

4  roods  =  1  acre  (A.) 

640  acres  =  1  square  mile  (sq.  ml) 

Spanish  Land  Mbasubb 

In  Texas,  California,  New  Mexico,  and  other  parts* of  this 
country  which  were  formerly  parts  of  the  Spanish  empire,  the 
vara,  the  unit  of  linear  measure,  is  still  used  in  connection  with 
original  grants  of  land.  In  Texas,  the  value  of  the  vara  is 
33|  in.  In  California  and  New  Mexico  it  is  usually  considered 
33  in. 

1,000,000  square  varas  =  1  labor  =  177.136  acres 
25,000,000  square  varas  =  1  league  =  4428.4  acres 
3,612,800  square  varas  =  1  square  mile  =  640  acres 
1,806,400  square  varas  =  j^  square  mile  =  320  acres 
003,200  square  varas  =  ^  square  mile  =  160  acres 
461,600  square  varas  =  \  square  mile  =   80  acres 
225,800  square  varas  =  ^  square  mile  =  40  acres 
5645  square  varas  =  1  acre 
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Exercise  7.  — 1.  158.  2.  275.  8.  230.  4.  208.  6.  848. 
6.  308.  7.  2470.  8.  2628.  9.  3028.  10.  2700.  11.  3137. 
12.'  2302.  18.  32,053.  14.  31,620.  15.  32,384.  16.  36,705. 

17.  21,726.  18.  484,537.  19.  447,010.  20.  438,024.  21.  437,417. 
22.  3,456,643.  28.  4,708,821.  24.  4,814,755.  25.  5,473,270. 

26.  6,840,601  27.  6,881,700.  28.  74,801,826.  29.  75,458,662. 

80.  74,044,016.        81.  73,781,888.         82.  80,063,637,        88.  80,003,108. 

Exercise  a— 1.  $000.  2.  732.  8.  273  da.  4.  156.  5.  $12,470. 
6.  248,012.        7.  56,101  bales.        8.  202,655  bales.        9.  330,650  sq.  mi. 

10.  21,570,800. 

Exercise  10.— 1.  2350.   2.  1214.   8.  2225.   4.  5137.   5.  3232. 

6.  5002.  7.  5102.  8.  2312:  9.  3058.  10.  13,634.  11.  25,002. 
12.  71,400.    18.  20,000.    14.  35,000.    15.  22,111. 

Exercise  11.— 1.  18.   2.  10.   8.  35.   4.  37.   6.  24.  '  6.  30. 

7.  118.  8.  38.  9.  357.  10.  467.  11.  1187.  12.  2488.  18.  974. 
14.  4988.  15.  4289.  16.  5908.  17.  497.  18.  3401.  19.  3999. 
20.  2790.  21.  1709.  22.  .3990.  28.  2000.  24.  2998.  25.  877. 
26.  1989.  27.  6544.  28.  7276.  29.  3600.  80.  2989.  81.  48,989. 
82.  13,997.  88.  2097.  34.  19,773.  85.  4896.  86.  72,159. 
87.  98,907.  88.  298,897.  89.  9899.  40.  298,008.  41.  200,207. 
42.  500,088.      48.  92,686.      44.  305,998.      46.  893,909.      46.    699,505. 

Exercise  12.— 1.  $8502.         2.   144,805  sq.  mi.  8.  5,620,187  T.; 

102,212,004  T.  4.  23,721,000;  126,621,000;  145,401,000.  5.  520,417 
bales  ;  6,000,183  bales.         6.  572,747  T.  7.  478,455  T. ;  192,784  T.  ; 

89,397  T.  ;  136,476  T.         8.  91,805  sq.  mi.         9.  ^522.         10.  990,000. 

11.  $073.      12.  $20,100.      18.  7  bills ;  $17.      14.  $10,084.      15.  574  mi. 

Exercise  15.— 1.  28,224.        2.  82,044.        8.  153,664.  4.  164,025. 

5.  321,480.        6.  300,625.         7.  410,004.         8.  200,704.  9.  112,896. 

10.  30,625.  •    11.  264,016.       12.  104,481.  18.  370,456.  14.  853,776. 

16.  746,406.  16.  451,584.  17.  234,256.  18.  73,402.  19.  6,364,248. 
20.  4,543,066.        21.  2,251,375. 

523 
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Exerciseie.  — 1.  $658.     2.  $1470.     8.  $878.     4.  $275.     5.84  ft 
6.  9504  in.       7.  $900.       8.  2080  ;^  or  $  20.80.       9.  $188.        10.  $546. 

11.  468^  or  $4.68.      12.  8640  rd.       18.  972;^  or  $9.72.       14.52,800  ft 

15.  26  mi.'      16.  1428^  or  $14.28.      17.  28  ;J^. 

Exercisel?.— 1.  1292.  2.4998.             3.2475.  4.3332. 

6.  4988.  6.  14,504.           7.  25,024.            8.  30,566.  9.  94,374. 

10.  268,025.  11.  396,891.  12.  362,880.  18.  969,969. 
14.  841,338.  15.  318,168.  16.  477,252.  '  17.  1,014,664. 
18.  954,504.  19.  1,340,780.  20.  3,932,695.  21.  3,064,682. 
22.  3,064,682.  28.  1,055,808.  24.  2,111,616.  25.  841,455. 
26.  458,800.  27.  3,211,600.  28.  898,432.  29.  2,271,528. 
80.  978,452.  81.  1,121,400.  82.  350,854.  88.  2,806,832. 
84.  209,088.  86.  248,832.  86.  350,464.  87.  705,894.  88.  927,472. 
89.  1,021,468.  40.  1,254,528.  41.  1,533,168.  42.  1,434,726. 
48.  861,056.  44.  1,778,112,  45.  3,172,059.  46.  2,109,807. 
47.  8,910,225.  48.  4,262,592.  49.  4,477,484.  50.  1,891,308. 
51.  5,105,212.  62.  9,590,832.  68.  10,478,336.  64.  6,904,384. 
66.  1,385,670.  66.  39,304.          67.  1,521,500. 

.  Exercise  18.  — 1.  9000  sq.  yd.  2.  7056  sq.  yd.   8.  102,400  sq.  rd. 

4.  11,760  sq.  yd.  6.  22,848  sq.  yd.  6.  167,200  sq.  yd.   7.  4725  sq.  rd. 

8.  20,160  ft.      9.  252  sq.  in.  10.  36  sq.  mi.     11.  432  sq.  mi. 

12.  40,480  sq.  yd.   18.  2200  sq.  yd.  14.  5332  sq.  ft.   16.  2880  sq.  in. 

16.  1296  sq.  in.    17.  3,097,600  sq.  yd.    18.  4212  sq.  yd. 

Ezercise  19.  — 1.  1173mi.       2.  690  mi.       8.  1035  mi.       4.  273  da. 
6.  44,640  min.  6.  100,440  cars.  7.  108,675  lb.  8.  726,040  lb. 

9.  $  1764.  10.  $  6084.  11.  24  hr.,  2136  hr.  12.  60  min.,  1440  min., 
44,640  min.  18. 294,400  rd.  14.  765,440  rd.,  1,159,680  rd.  16. 1,740,800  rd. 
16.  62,720  A.,  260,880  sheep.  17.  2,220,800  rd.  18.  329,280  lb.  19.  $  1170. 
20.  1344  mi.  21.  1598  mi.  22.  $33,260.  23.  $178.  24.  739,200  ft 
26.  6,702,400  in.  26.  487,956  lb.  27.  6,956,200  A.  28.  26,278,400  A.  ; 
4,147,060.  29.  31,468,800  A.  80.  11,620  bu.  81.  $18,695. 
82.  New  York,  7,277,160  ;  Massachusetts,  2,802,155;  Illinois,  4,816,260; 
Louisiana,  1,412,880  ;  Japan,  41,934,020 ;  Germany,  62,207,600 ;  France, 
37,961,112;  England,  29,160,000.  88.  $4485.  84.  $972.  86.  76,680  1b. 
86.  $7095.  87.  $780.  88.  42,604  cu.  in.  89.  118  mi.  40.  $725. 
41.  103,950  words.     42.  8736  hr.     48.  102,400  sq.  rd.     44.  9,046,400  yd. 

Exercise  22.— 1.  239.     2.  158,  rem.  1.      8.  116.      4.  199.      6.  116. 
6.  494.      7.  623,  rem.  4.      8.  667,  rem.  6.      9.  1309.      10.  4158,  rem.  6. 

11.  9039,  rem.  5.  12.  8978,  rem.  3.  18.  8305,  rem.  8.  14.  13,077. 
16.  16,359,  rem.  3.      16.  5858,  rem.  3,      17.  1769,  rem,  4.      18.  82,994, 
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rem.  2.  19.  23,183,  rem.  3.  80.  4176,  rem.  6.  21.  11,760,  rem.  1. 
22.  3326,  rem.  1.  23.  8138,  rem.  3.  24.  40,939,  rem.  1.  26.  266,660. 
26.  114,240.  27.  6429,  rem.  2.  28.  6142.  29.  12,947,  rem.  4. 

80.  16,668.  81.  14,286,  rem.  6.  82.  12,602,  rem.  7.  88.  39,426, 
rem.  5.  84.  114,463,  rem.  2.  85.  180,780,  rem.  4.  86.  130,442,  rem.  1. 
87.  289,169,  rem.  1.  88.  79,284,  rem.  6.  89.  67,368,  rem.  4. 

40.  48,416,  rem.  8.  41.  44,872,  rem  2.  42.  78,986,  rem.  3.  48.  74,802, 
rem.  7.  44.  64,782,  rem.  10.  46.  32,829.  46.  76,961,  rem.  9. 

47.  8333,  rem.  4.        48.  28,806,  rem.  6. 

ExerclBO  23.-1.  4834,  rem.  10.  2.  4408,  rem.  14.  8.  4892,  rem.  14. 
4.  4416,  rem.  2.         6.  4166,  rem.  16.  6.  2967,  rem.  23.  7.  2486, 

rem.  13.  8.  2668.  9.  2760,  rem.  32.'  10.  1706,  rem.  28. 

11.  1234,  rem.  39.  12.  2380,  rem.  28.  18.  1431,  rem.  10.  14.  2619, 
rem.  26.  16.  17,630,  rem.  43.  16.  14,616,  rem.  31.  17.  14,792, 
rem.  22.  18.  8261,  rem.  36.  19.  8741,  rem.  42.  20.  8377,  rem.  42. 
21.  2133,  rem.  74.  22.  8214,  rem.  4.  28.  9701,  rem.  37.  24.  8217, 
rem.  8. 

BxerclBe  24.  —  1.  14  lb.  2.  29  hr.  8.  375  pk.  4.  29  hr.,  4  mi.  rem.; 
94  mi.  6.  384T.  6.  179  da.  7.  225  da.  8.  2083,  4  in.  rem.  9.  52wk. 
10.  14  doz.  11.  16.  12.  37  boxes.         18.  417  bbl.         14.  24  hr. 

16.  $125.  16.  161  sheep.  17.  159  coins.  18.  46  hogs. 
19.  245  boxes.              20.  167  bbl.              21.  19  lb.              22.  36  horses. 

28.  262|  A.        24.  5,280  ft;  36,960  ft.        26.  $  1260.        26.  48  cd. 

Exercise  25.— 1.  18.  2.  18.  8.  21.  4.  22.  6.  21.  6.  26. 
7.  102.  8.  117.  9.  128.  10.  102.  11.  148.  12.  114. 

18.  129.        14.  184.       16.  196^.        16.  159^}.        17.  342.       18.  336if. 

19.  483^^.  20.  584H.  21.  518fi.  22.  532/^.  28.  747J}. 
24.  516f|.           26.  696tf          26.  846J}.           27.  476^^.  28.  873Jf. 

29.  439.  80.  1288.  81.  8784.  82.  3527.  88.  2839.  84.  2196. 
86.  4512f|.  86.  65,206Jf  87.  9080.  88.  755.  89.  3003. 
40.  163.  41.  5325.  42.  6789iJJ.  48.  6782^j^.  44.  1728. 
46.  1456.  46.  8962^}^.  47.  4675tW.  48.  1622.  49.  1283. 
60.  954.  61.  1578.  62.  1102.  68.  1242.  64.  1288.  66.  1340. 
66.  1117.        67.  702.        68.  1181.        69.  1121}^?.        60.  1018. 

Slacercise  26.  —1.  42  bags.  2.  39  bbl.  8.  79  bbl.  4.  2777  yd., 
28  in.  rem.  6.  241  bu.         6.  126  da.  7.  36°.  8.  364  sq.  yd. 

9.  36  gal.  10.  33  chests.  11.  326  bbl.  12.  114  hr.  18.  626  A. 
14.  1250  sq.  mi.'  16.  31,250  sq.  mi.  16.  23^. 

17.  75J  nearly.  18.  28  sec,  880  ft.  rem.  19.  Nearly  47  times. 

20.  71  times  nearly.  21.  More  than  24  times.  22.  Between  182 
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and  183.        28.  63^}  hr.  84.  29Jf  mi.  per  hr.        85.  26f|  mi.  per  hr. 

86.  173A  hr.        87.  69JJfS  knots.        88.  76. 

SacerclBO  27.  — 1.  (a)  36,798  A.;  (6)  1,026,513  bu.;  (c)  i$ 533,313  ; 
(d)  Maine,  27  bu. ;  New  Hampshire,  23iJ}J  bu. ;  Vermont,  30  bu. ;  Massa- 
chusetts, 24ftfyj  bu. ;  Rhode  Island,  28  bu. ;  (e)  Maine,  $  'i^^o^^  ;  New 
Hampshire,  $  13}J}J  ;  Vermont,  $  14^y^  ;  Massachusetts,  $  le^Vi  ; 
Rhode  Island,  $17^,.  8.  21,252,370  T.  8.  (a)  9843,  (6)  798. 

4.  If  the  vertical  and  the  horizontal  sums  are  the  same  the  answer  is  cor- 
rect. 5.  (a)  670,900  bags,  (6)  2,878,034  bags.  6.  (a)  4,449,342  bags, 
(6)  3,878,442  bags,  (c)  1,000,408  bags.  1,  (a)  ^62,197,479. 
(6)  $  67,335,679.  (c)  $  93,237,886.  (d)  $  102,241,557. 
8.  $36,070,661.  9.  (a)  16Jf«  bu.,  (6)  $6iJf  10.  $56,084,938. 
11.  94  nearly.  18.  (a)  67,633,098  A.;  (6)  1,466,520,834  bu., 
(c)  $389,953,739.                  18.  56,040,040  bu.                   14.  2,508,261  bu. 

15.  Than  Nebraska,  742,882  A. ;  than  Iowa,  1,016,918  A. ;  than  Illinois, 
1,637,301  A. ;  than  Missouri,  2,361,417  A. ;  than  Texas,  4,089,160  A. ; 
than  Indiana,  4,716,001  A. ;  than  Georgia,  5,348,556  A. ;  than*  Tennessee, 
5,361,561  A.;  than  Kentucky,  5,654,976  A.;  than  Alabama,  6,657,186  A.; 
than  Ohio,  5,523,481  A.  16.  $4,013,587.  17.  Between  33  and  34. 

18.  Between  263  and  264.  19.  $211,098,199,  $75,120,756. 
80.  9,522,023  A.  81.  952,602,031.  88.  $1,463,701.  83.  Died, 
107  oflBcers,  2803  enlisted  men  ;  271,914  enlisted  men  returned. 

Exercise  32. --1.  $661.03.  8.  $878.20.  8.  $402.67.  4.  $1442.49. 
6.  $386.74.  6.  $522.63.  7.  $564.34.  8.  $999.24.  9.  $1454.72. 
10.  $172,925.    11.  $6052.13.    18.  $6200.34.    18.  $7034.36.    14.  $6699.34. 

16.  $7561.32.       16.   $8166.21.      17.   $5466.78.      18.   $5641. 
Exercise  33.  — 1.   $64.95.      8.   $82..30.      8.    $215.16.       4.   $99.16. 

6.   $267.30.  6.   $60.54.       7.    $9949.50.       8.   $7899.25.  9.   $243.29. 

10.   $697.58.              11.    $236.37.              18.   $243.56.  18.    $191.97. 

14.  $3999.02.  1(^.  $5228.81.     16.  $3999.43.     17.  $99.85.  18.  $400.96. 

19.  $399.48.  80.   $900.08. 

Exercise  34.— 1.   $639.52.     8.    $226.40.      S.  $476.94.     4.  $898.03. 

5.  $3594.51.  6.  $5456.08.  7.  $8023.18.  8.  $2136.42.  9.  $5046.93. 
10.  $2285.44.  11.  $369.31.  18.  $555.03.  18.  $239.76. 
14.  $1076.28.  15.  $1866.96.  16.  6399.62.  17.  $7402.50. 
18.  $10,986.58.  19.  $9346.  80.  $6594.75.  81.  $6498.38. 
88.   $3269.10.      88.  $93.60      84.  $159.60.      85.  $187.66.      86.  $322.56. 

87.  $195.44.      88.   $7.02.       89.    $19.50.      80.    $6076.       81.    $78,030. 

Exercise35.  —  1.  $12.14.  8.  $111.41.  8.  $107.75.  4.  $36.37. 
5.   $236.24.        6.    $99.72.  7.   $94.99.  8.   $36.08.         9.    $19.84. 
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10.  $07.00.  11.  $12.18.  12.  $12.06.  18.  $11.86.  U.  $11.71. 
15.   $14.35.        16.   $14.24.       17.   $13.79.        18.  $14.01.        19.   $96.03. 

20.  $97.06. 

Exercise  36.— 1.  68.  2.  69.  8.  427.  4.  6320.  5.  246.  6.  886. 
7.  198.  8.  17.  9.  2126.  10.  717  sacks.  11.  810.  12.  663  bbl. 
18.  17,603.      14.  396.       16.  39.       16.  26,000.      17.   90,922  oz.  nearly. 

18.  3026.      19.  2626.      20.   3246. 

• 

Exercises?.— 1.   $3.76.       2.   117' bills,  change  $76.  3.   $116.03. 

4.   $4410.      6.   36doz.       6.   $819.      7.  26  qt.       8.   $28.  9.   $6626. 

10.   $344.        11.   $76.        12.  $30,810.        18.  $493.20.  14.   $2926. 

15.  $8.26  nearly.          16.  $^0.60.   '      17.  931,600,000.  18.   $81.26. 

19.  $311.04      20.   $1460. 

Exercise  38.  — 1.  $1.       2.  42  ft.      8.  6  da.      4.  10  da.      5.  601b. 

6.  $24,  6  sheep.      7.   $1.80,  47  oranges.      8.  60  ^  on  each  kind. 

Exercise  39.  — 1.   1.       2.   162.       8.  4.       4.   36. 

7.  27.       8.  66.      9.   3.       10.    6.       11.  2.       12.   4. 

16.  24  cows.      17.   42doz.      18.   16  da.      19.  22  hr. 

Exercise  44.  — 1.  }.      2.  V*       3.  ^f^,      4.  ^, 
7.    V-       «•   ¥•       «.  W-       10.  ^,       11.   W- 
14.  if^.      15.  W-      16-  W-      I'J^-  ^F-      !«•  ¥• 

21.  ip.      22.  Af^      28.  iJA.      24.  ^f^.     25.  W- 
28.  ^^.      29.  4f-'      80.   W- 

Exercise  47.  — 1.   2.       2.  3.       3.  2.       4.   10. 

7.  13|.       8.   26.       9.   19f       10.  8J.       11.   44J. 
14.   8}.       15.    12.      16.   16. 

Exercise  48.-1.   f,  iJ,  if,  H,  «.  2.  |,  «,  J},  «,  }«. 

8.  A,  H,  ii  ii  if  4.   A,  if,  H,  H.  H.        5.    i«,  iJ,  iJ,  ii  Jf. 

6.  H,  if.  ih  n»  H-         7.  if,  i^,  H,  ji,  «.        8.  ii,  ti,  H.  Hi  W- 

9.  it,  ii,  «,  tf ,  M.  10.  V,  !«, !!,  «.  11.  ¥,  ¥»  IJ,  W- 
i«.  ¥i  ¥,  1«,  !!• 

Exercise  49.  -1.  J,  f  f  f  J,  f,  i  i  f  2.  J,  i  i  i,  A,  i  h  I 

8.  i  f  i  i  },  i  i,  i    4.  },  1, 1,  A,  A.  A,  A,  A.  6.  I»  li  i,  J,  A,  h  h  A- 

Exercise  50.— 1.  lA*     2.   \\\^     8.    lA-      4.    If      5.   If.      6.    \\. 

7.  4.  8.  lA.  9.  If.  10.  If.  11.  If.  12.  If.  18.  If 
14.    m        15.    Iff  16.  2ii.         17.    lA-         18.   2A.         19.   2^. 

20.  lif.  21.  2A.  88.  IW-  88.  lA-  84.  1^-  85.  Jf.  26.  2^. 
27.  \\\.  28.  lif  29.  2f.  80.  Uf.  81.  7A.  82.  15f  88.  8f. 
84.   26A.  '     85.  26|f       86.   22f.       87.   17f.        88.   12if.       89.    19^. 


5.   27. 

6.   6. 

18.    20. 

14.  2. 

20.   200. 

5.   V. 

6. 

w. 

12.   V. 

18. 

^K 

19.   y^ 

20. 

w. 

26.  W. 

27. 

^^. 

5.   34. 

6. 

22J. 

12.    11. 

18. 

lOf. 
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40.  17i.  41.   $25^.         42.    UJf  hr.  43.    $tV-  **•    lA^^- 

46.   i  is  largest ;  }  is  smaUest.     46.  1^  ft.        47.  ^  1^.  48.   1}  qt. 

49.    $2|.         50.  S\ihT.        51.  $1^.        52.  21)^. 

ExerciBe51.~l.   f      2.    i.      8.  i  4.  }.      5.   f     6.  f      7.   }. 

8.    }.      9.    }.     10.  |]^.      11.    i.      12.   f  18.   li       14.   2^.        15.    If. 

16.   1^.      17.   lOi.      18.   12f      19.   Bf.  20.  11^.      21.  Q^.      22.   7^. 

88.  7|^.      24.   3j.      25.   df      26.    16}.  27.   6}.^    28.   2^.      29.  11}^. 

80.  10^.  81. 2f  82.  3^.  88.  3^.  84.  ^.  85.  6^.  86.  2^. 
87.  6^.  88.  4|.  89.  4f  40.  8^.  41.  IQf.  42.  7^.  48.  5t. 
44.  2^.      45.   2^.      46.  11.16. 

BxeroiM52.  — 1.   12.         2.   10|>         8.  6|.         4.   16}.         6.   llf 

6.  4}.      7.  llf      8.   24f       9.   6f       10.   12f       11.   10}.        12.  88}. 

18.  86|.        14.  47}.         15.   38}.  16.   15f.         17.   16}.         18.   22}. 

19.  33}.  20.  301}.  21.  247}.  22.  162.  28.  336}.  24.  247}. 
25.  243.      26.   160]3^.      27.   763}.      28.   705}.       29.   446}.       80.  166}. 

81.  221f  82.  132|.  88.  #4}.  84.  $42}.  85.  $16.23^.  86.  62}^. 
87.  $129.76}.  88.  $31.87}.  89.  $3.84f.  40.  $35.40.  41.  $7.81}. 
42.  4840  sq.  yd.       48.   702  in.       44.   $11.90.      45.   1036}  mi. ;  2764  mi. 

46.  $7350.  47.  1702  lb.  copper,  448  lb.  lead.  48.  Gain  $806,  inyest- 
ment  at  end  of  year  $3106.       49.   $787.60.       50.   $135.       51.    1008  1b. 

Bxeroise  53.-1.  }.      2.  }•       8.   A-       4.   f*-       »•   ifiAr-  «•   if 

7.  if.  8.  f  9.  }.  10.  A.  11.  f  12.  f.  18.  ^.  14.  }. 
16.  A-  16-  i  ".  A.  18.  ^,  19.  ^.  20.  ^.  21.  21 
22.  3}.  28.  }.  24.  }.  26.  ^.  26.  7.  27.  0.  28.  10}. 
29.  16.  80.  3}.  84.  22.  82.  26}J.  88.  }.  84.  14^^.  85.  64). 
86.  1.  87.  420}.  88.  31}.  39.  7.  40.  2.  41.  272}}}. 
42.   $398}}.      48.   $3524}.  44.    $1.93}.      45.   $3.65f.      46.  $162.50. 

47.  $62}.  48.  11  mi.  49.  135  mi.  50.  $2626.  51.  $631.25. 
52.    $45.56}. 

Exercise  54.-1.  A.       2.  ^.       8.  :fV       4.  A-       ».  ih-  «•  ^ 

7.  A.      8.  yV.      9.  ^,.      10.  A.      11.  A.      12.  ^.      18.  ^^.  14.  A- 

16.  A.      16.  A.      17.  A-      18-  A-     1®-  ^8.      20.  49.     21.  28.  22.  21. 

28.  28.    24.  30.     25.  36.     26.  28.    27.  60}.     28.  96.    29.  67}.  80.  49}. 

81.  2.      82.  1}.      83.  5}.       84.  2§.      86.  2|.      86.  9}.      87.  }.  88.  }}. 

89.  }.  40.  i^.  41.  il  42.  A-  48.  A.  44.  A-  45.  A-  46.  A- 
47.  A.  48.  A.  ^».  3i\.  60.  ^\.  61.  }.  62.  ,V  58.  ^,  54.  A- 
55.  }.  66.  }.  67.  Hf.  58.  }}•  69.  ft.  60.  If  61.  1}.  62.  }}. 
68.  }.  64.  1}.  66.  1^7.  66.  3}.  67.  }.  68.  2^-  69.  ft.  70.  2}. 
71.  1}}.  72.  tYt.  78.  2ft.  74.  ft.  76.  4f.  76.  ft.  77.  ft.  78.  ft. 
79.  4.       80.  7}}.       81.  }.       82.  H-      88.  ft.       84.  If 
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Batercise  55.-9.  4.      10.  0.      11.  16.      12.  5f  18.  25.  14.  8^. 

15.  9.     16.  }.      17.  f      18.  1|.     19.  IJ.      20.  iff  21.  If  22.  iff. 

28.  j.  24.  2^.  25.  4}.  26.  1}^  27.  1^-  ^'  ^A*  ^-  t\' 
80.  If      81.  6.      82.  UH- 

Exerciae  56.— 1.  $4290.  2.  $2f  8.  $216.75.  4.  $137f  5.  $630. 
6.  $575.  7.  $24.70.  8.  $68.88.  9.  $881f  10.  $7.  11.  $4.26. 
IS.  $8.41.     13.  $7.72f     14.  $5.75.     15.  $lSf     16.  $120.     17.108  ft. 

18.  72.  19.  255  T.  20.  60.  21.  $456.  22.  $72.  28.  $4800;  $1800, 
A*8  share;  $  1600,  B'g  share.  24.  $4000.  85.  $4380.  26.  164^  A. 
27.  $1680.      28.  $600.      29.  36  marbles.      80.  $13^ 

Ezercise  57. —1.  ^.  2.  ^f^.  3.  {greatest;  |  least.  4.  }. 
5.  $325.  6.  190.  7.  3.  8.  If.  9.  16.  10.  3^.  11.  ^. 
12.  »  yd.  18.  2?.  14.  27^.  W-  if  Ih  A-  W-  l^A- 

IT.  $840.  18.  27  coats.  19.  A,  $2025;  B,  $1350.  20.  $630. 

21.  $960.  22.  $1260,  $945.  28.  95  sheep.  24.  $99.  25.  $6.40. 
26.  $3552.  27.15  1b.  28.  $16.50.  9B.  ^^,  ^.         30.  3)  hr. 

31.  12}  hr.  88.  38,500  gr.  83.  2800  gr.  34.  800,000  min. 

35.  18^  min.  86.  7899|$|  mi.         87.  42^^.         88.  5^.         39.  2{  ft. 

40.  $1.20.  41.  72  ^  42.  $4.13.  48.  1}  mm.  44.  720. 

45.  $2.  46.  75  T.  47.  14J  ib.  48.  $3200.  49.  $660.  50.  140  T. 
51.  1120  yd.  52.  436  min.  58.  $.60.  54.  $3.90.  55.  ^lif, 
56.  $92.96.  57.  $61.36.  58.  $57.05.  59.  ^.  60.  60  sec. 

BzerolBO  61.  — 1.  666.973.      2.  151.987.      8.  261.304.      4.  1943.232. 

5.  185.148.  6.  160.687.  7,  282.238.  8.  317.187.  9.  176.483. 
10.  212.728.       11.  281.308.      12.  877.077. 

Exercise  63.  — 1.  $4.32,  $13.70,  $43.20,  $10.08.  2.  $31.05, 

$22.59,  $60.64,  $59.29.  3.  $11.90,   $34.74,   $40,992,   $.32.85. 

4.  $10.10,  $40.50,  $180.30,  $24.71.  5.  $430,  $693.70,  $337.80. 

6.  31.5  A.,  4  A.,  30  A.  7.  .01,  .12,  .09,  .002,  .012.  8.  502.2. 
9.  2123.2.  10.  1806.42.  11.  482.036.  12.  .425.  13.  2.625. 
14.  28.56.         15.  271.9846.         16.  .56056.         17.  249.048.         18.  .1702. 

19.  .4182.  20.  .6.  21.  3.3642.  22.  17.328.  23.  .20001.  24.  .9409. 
25.  .4624.  26.  .139129.  27.  .811801.  28.  .644809.  29.  .480249. 
80.  .001.  81.  .027.  82.  .064.  33.  .343.  84.  1.124864.  85.  1.191016. 
86.  1.259712.  37.  .015625.  42.  153.9384.  48.  19,7061,258.  44.  15,205,-344. 
45.  1110  mi.,  66,600  mi.        46.  8796  ft.,  527,760  ft.        47.  .2944  in. 

Exorcise  64.— 1.  9.15125.     2.  .8625.     3.  3.227.     4.  .199.     5.  .9128. 
6.  .490876.        7.  .003.       8.  1.47433.       9.  1.174.       10.  .657.       11.  .925. 
19.  1.142875.        13.  .02468.       14.  .12201.       15.  .1688.        16.  .7843875. 
2m 
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17.  .912.  18.  .9172.  19.  .08866.  80.  .07484.  21.  .142867.  22.  1.0536. 
28.  1.0446.      24.  .2478. 

Exercise  65.— 1.  2.925.  2.  .024.  8.  8.6875.  4.  .2058.  5.  .3596. 
6.  2.62.  7.  3.725.  8.  2.531.  9.  1.35.  10.  3.36.  11.  6.3234. 
12.  .5.  18.  40.  14.  62.5.  16.  125.  16.  50.  17.  15.  18.  50. 
19.  160.    20.  12,500.    21.  8000.    22.  500.    28.  25.    24.  .5. 

26.  1000.    26.  1250.    27.  1000.    28.  50.    29.  250.    80.  250. 

81.  25.  82.  2.5.  88.  .0125.  84.  .00125.  86.  .0004.  86.  .00666+. 
87.  .125.  88.  .15.  89.  32.  40.  .0027.  41.  48.7.  42.  8.03. 
48.  .0904.  44.  .708.  46.  1.012.  46.  .01014.  47.  .517. 
48.  .01054.   49.  .00377.    60.  .0365. 

Bzerciseee.  — 1.  1.1318.          2.  1.1038.         8.  1.1597.  4.  .1189. 

6.  .1217.       6.  .0122.        7.  .1539.      .8.  1.5394.        9.  .0155.  10.  .1629. 

11.  .2079.      12.  .1551.       18.  .1629.      14.  .198.      16.  .9801.  16.  .7056. 

17.  .6889.            18.  .0089.            19.  .049.            20.  .2879.  ,21.  .3869. 

22.  .3694.            28.  .0826.           24.  .8295.           26.  .4377.  26.  1975. 

27.  .0339.            28.  .0074.           29.  .0906.           80.  .0213.  81.  .0558. 

82.  12.566.        88.  5.7737.        84.  60.1047.        86.  .3715. 

Exercise  67.— 1.  .5,  .75,  .8,  .3125,  .24,  .21875,  .171875,  .6171875. 
2.  .85,  .38,  .1025,  .415,  .536,  .348.  8.  .3,  .17,  .019,  .0011,  .00101,  .001279. 
4.  .2875,  .425,  .45,  .74,  .206,  .02725.  6.  .25,  .025,  .0025,  .0065,  .00775, 
.01875.  6.  .021875,  .36875,  .1234375, .10375, .0872.  7.  .3333, .1429, 
.1111,  .0909, .0833,  .0769,  .0714,  .0667,  .0588.  8.  .1852, .4783, .3214, 

.1290,  .4571,  .0959.    9.  .2424,  .0796,  .3077,  .4286,  .4737,  .4762.     10.  .3846, 
.3529,  .0808,  .1311, .0232,  .0522.         11.  .5556,  .1313, .0141,  .0211,  .0320, 


Exercise  68.  —  1.  f'^,  f,  J,  J,  A-       «•  jhi  A»  Tr*7r»  A»  A-      8.  y^, 

ih'      6.  ^»  ih^  iVij.  ^h^  a-      7.  u,  H»  tt»  H' 

Exercise  69.  —1.  4  hr.  2.  12  hr.  8.  6.6667  hr.  6.  14  hr. 

6.  50.1875  mi.  per  hr.  8.  53.33  mi.  per  hr.  9.  54.13  mi.  per  hr. 

10.  29.13  mi.  per  hr.  11.  546.45  mi.  per  da.,  22.77  mi.  per  hr. 

12.  1233.3  times.       .      18.  $2400.  14.  $280.  16.  850  en.  ft 

16.  420  cu.  ft.  17.  7.48  gal.  18.838.28.  19.  $26.25.  20.  $17.56. 
21.  $422.50.  22.  $8.00.  28.  $4320.  24.  $1.75.  26.  682.5  ba. 
26.   186,325.3  mi.  per  sec,  16.7  sec.        27.  14.484  kilometers. 

Exercise  71.  - 1.  f  A,  A»  «•  «.  h  h  h  h  f         3.  ^,  fJi,  h 

i.  A,  A,  ii.  4.  A,  A,  A,  A. «,  ih  H.  6.  ^^  A»  «»  ii,  il 
»•  A,  A»  h  H»  f*» «.      7.  A.  f  h  f      s.  lilff,  A»  A»  A-      »  A» 
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I,  «.      10.  A.  i  h  i¥o.  ih  1«.      11.  if       12-  h  A»  A»  A>  lAf.  A. 

.03.         18.  14  da.         14.  10  da.         16.  4  da.        16.  84^.        17.  93}  ^ 

18.  $3.75.          19.  9  lb.          90.  19^  lb.  21.  21  cans.          22.  llj  lb. 

23.  I  24.  }.  26.  i.  26.  I,.  27.  Jf  28.  .1^16.  29.  A. 
30.  A's  gain,  $2030 ;'  B's  gain,  $1470. 

Exercise  72.  —1.  12,500  sq.  ft.,  1388 J  sq.  yd.  2.  4840  sq.  yd. 

3.  4366  sq.  ft.,  484  sq.  yd.       4.  1296  sq.  in.        6.  3,097,600.        6.  16  A. 

7.  288  bu.,  $242.88.  8.  4096  bu.,  $  1996.80.  9.  71.6  A. 
10.  1425.6  thousand.  11.  8640  tiles.  12.  62.2223  sq.  yd., 
83.5666  sq.  yd.  18.  413.33  sq.  yd.  14.  149.333  sq.  yd. 
16.  1966|  sq.  yd.  16.  6442|  sq.  yd.,  2612  ft.  17.  14,400. 
18.   (a)  15,762.22  sq.  ft.            (6)  21,112.6  sq.  ft.           (c)  4430.64  sq.  ft. 

(d)  1291.79  ft.  (e)  16,082.99  sq.  ft.  (/)  10,911.26  sq.  ft. 
(g)  17,469  sq.  ft.  {h)  80,711.38  sq.  ft.  19.  (a)  720.6  sq.  yd. 
(6)  849.68  sq.  yd.                 (c)  912.88  sq.  yd.  (d)  1626.81  sq.  yd. 

(e)  1146.23  sq.  yd. 

Exerci8e73.—1.  $68.48.        2.  $136.16.       3.  $16.36.       4.  $31.42. 
6.  $1666.86. 

Exercise  75.  —1.  4  cwt.  87  lb.  8  oz.  2.  6  cwt.  10  lb.  3  oz. 

8.  2  T.  7  cwt.  18  lb.  9  oz.  4.  31  T.  5  cwt.  6.  3  T.  19  cwt.  87  lb. 

6.  16  T.  721  lb.        7.  112  T.        8.  4it  T.        9.  ^l^  T. 

Exercise  76.  — 1.  608,000  oz.  2.  28,400  lb.  8.  34,300  lb. 

4.  803,200  oz.  6.  7502  lb.  6.  9158  lb.  7.  16,273  lb. 

8.  56  short  tons.        9.  $81.        10.  700  long  tons. 

Exercise78.— 1.  168in.      2.  3972  in.      8.9680yd.      4.12,980yd. 
6.18,209  yd.  6.784,620  yd.  7.13,622.4  yd.  8.  2672  rd. 

9.  3927  ft.        10.  63,360  in.        11.  42,768  in.        12.  1066. 

Exercise  79.  —1.  1  rd.  1  yd.  1  ft.  4  in.  2.  23  rd.  1  yd.  1  ft.  6  in. 

3.  1  mi.  3  rd.  1  yd.  10  in.      4.  7611.111  yd.      6.  32  mi.       6.  132  knots. 

7.  190  mi.  8.  16.96  mi.  9.  616  ch.  10.  16,600  ft.  11.  22  ch. 
12.  7.92  in.  134.64  in.  18.  Everest,  6.493  mi.  ;  Aconcagua,  4.330  mi.  ; 
Ararat,  3.281  mi. ;  Blanc,  2.989  mi.  ;  Fremont,  2.612  mi.  ;  McKinley, 
3.876  mi. ;  Logan,  3.701  mi.  ;  Orizaba,  3.469  mi.  ;  Pikes  Peak,  2.672  mi. 

Exercise  81.  —  1.  8  pt.      2.  8  gi.      3.  32  gi.     4.  |,  f,  f  6.  16  pt., 

32  pt.,  48  pt.            6.  32  qt.        7.  64  pt.            8.  ^.           9.  33.6  cu.  in. 

10.  28.875  oo.  in.  11.  .86.  12.  9.46  ou.  in.  18.  6  qt.  14.  88  qt. 
16.  17  qt        16.  93.1  nearly. 
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SlxerclM  85.  —1.  102,400  sq.  id.    S.  1600  A.    3.  622,720  sq.  ft. 

4.  7360}  sq  ft   6.  16,665  id.   6.  42,900  ft.   7.  4840  yd.  8.  6600  yd. 

9.  11,220  ft.  10.  676  cu.  ft.  11.  1046  ca.  ft.  IS.  816,480  ca.  in. 
18.  606^  cu.  ft.  14.  944,784  cu.  in.  16.  10  qt.  16.  23  qt.  17.  26  pt. 
18.  67  pt  19.  154  pt  90.  118  pt  91.  680  gt  89.  86  ^ 
98.  131  pt   94.  119  gi.  96.  36,380  1b.  96.  34,6001b.   97.  66,250  1b. 

98.  28,750  lb.  Troy.   99.  360,000  lb.  Troy.   80.  128  qt.   81.  124  qt. 

89.  116  qt.  88.  66  qt.  84.  69  qt.  86.  1208  pt.  86.  838  pt 
87.  215,042  cu.  in.  88.  2079  cu.  in.  89.  9.31  gal.  nearly.  40.  13,728  ft 
41.  22.110  ft.   49.  6270  yd.   48.  2970  ft.   44.  8260  ft.   45.  9604  in. 

XbcerclBe  86.-1.  66,020^'.   9.  324,000".   8.  43,610".   4.  856'. 

5.  27,900".    6.  433,080."    7.  4546'.   8.  16,247.6'.   0.  163,820". 

10.  280',  1130'.   11 .  625,600  min.   19.  1,678,240  min.   18.  41,760'. 

14.  120,600  min.;  131,040  min.  16.  31,666,927  sec.  16.  36,892,800  ti.; 
147,268,800  tl.     17.  311,760  min.     18.  684  da.  19.  960  hr. 

90.  178,826.4  hr.  91.  2922  da.  99.  48^  98.  174°.  94.  18,262  da. 
95.  18,262  da. 

Exercise  87.  ~1.  136  sq.  rd.  12  sq.  yd.  1  sq.  ft  62  sq.  in.  9.  53  sq.  rd. 
17  sq.  yd.  3  sq.  ft  17  sq.  in.  8.  2  A.  126  sq.  rd.  13  sq.  yd.  2  sq.  ft.  84  sq.  in. 
4.'  29  gal.  1  qt  5.  31  bu.  1  pk.  6.  432  gal.  7.  17  cwt  50  lb. 
8.  1  cu.  yd.  729  cu.  in.      9.  1666}  bo.      10.  1031^  bu.  of  32  lb. 

11.  2  wk.  20  hr.  31  min.  36  sec.  19.  2  wk.  12  hr.  63  min.  20  sec. 
18.  3  wk.  2  da.  3  hr.  33  min.  20  sec.   14.  51  mi.  245  rd.  3  yd.  1  ft  10  in. 

15.  85  mi.  77  rd.  4  yd.  0  ft  10  in.    16.  8  cu.  yd.  11  cu.  ft  744  cu.  in. 

17.  100  T.  31  lb.  4  oz.     18.  302  rd.  2  ft     19.  32  mL     90.  81,250  sq.  mi. 

91.  1875  A.  100  sq.  rd.       99.  70  lb.      98.  7926.59  mi.      94.  7899.58  mi. 

95.  27.01  mi.  96.  24,902.18  mL  ;  69.407  mi. ;  1.167  mi.  97.  186,326  mi. 
28.  6.183  mi. ;  5.682  mi. ;  4.773  mi. ;  3.623  mL 

Ezercise  88.  —  1.  43  yd.  2  ft  4  in.  9.  1232  rd.  3  yd.  1  ft.  6  in. 

8.  379  mi.  184  rd.  4.  383  yd.  1  ft.  9  in.  5.  63  yd.  2  ft  9  in. 

6.  1132  rd.  2  yd.  1  ft  6  in.  7.  366  A.  140  sq.  rd.  8.  770  A.  151  sq.  rd. 

9.  1191  A.  56  sq.  rd.  10.  177  sq.  yd.  4  sq.  ft  59  sq.  in. 
11.  172  sq.  yd.  1  sq.  ft  60  sq.  in.    19.  77  sq.  rd.  26  sq.  yd.  108  sq.  in. 

18.  16  gal.  3  qt      14.  44  gal.  3  qt  1  pt      16.  42  bu.  3  pk.  4  qt 

16.  38  bu.  2  pk.  3  qt     17.  77  gal.  3  qt     18.  163  bu.  3  pk.  6  qt 

19.  117  bu.  3  pk.  3  qt.    20.  183  bu.  1  pk.  7  qt.    91.  147  T.  1379  lb. 

99.  667  lb.  4  oz.  98.  546  lb.  13  oz.  94.  77  T.  628  lb.  95.  272  lb.  7  oz. 

96.  225  T.  1908  lb.  97.  218  da.  18  hr.  30  min.  98.  241  wk.  6  da.  18  hr. 
99.  85  hr.  14  min.  52  sec.  80.  141  da.  IS  far.  47  min.  81.  46  wk.-6  da.  2  hr. 
89.  54  hr.  20  min.  3  sec.  88.  64  cu.  ft  1032  cu.' in.  84.  807  cu.  yd.  9  cu.  ft 
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85.  362  cu.  yd.  86.  77  cu.  ft.  1022  cu.  in.  87. 197  cu.  yd.  88.  67.2  cu.  in. , 
67.75  cu.  in.,  537.605  cu.  in.        89.  997.14  oz. 

Ezercise  89.  —1.  79°  2'  17".            2.  8°  0'  56".  8.  61°  54'  25". 

4.  117°  45'  25".  5.  5°  64'  45".  6.  66°  46'  6".  7.  85°  6'  10". 
8.  55°  67'.  9.  60°  6'  48".  10.  78°  59'  50".  11.  43°  5'  48". 
12.  1  bu.  3  pk.  7  qt.            18.  8  gal.  0  qt.  1  pt.             14.  6  gal.  0  qt.  1  pt. 

15.  6  gal.  2  qt.  1  pt.  16.  19  bu.  2  pk.  5  qt.  17.  9  bu.  1  pk.  5  qt. 
18.  19  gal.  2  qt.  1  pt.  19.  21  gal.  0  qt.  1  pt.  20.  3  qt.  21.  28  qt. 
22.  120  qt.  28.  1  da.  20  hr.  57  mln.  24.  6  da.  17  hr.  51  min. 
25.  11  hr.  40  mln.  26.  15  hr.  5  min.,  also  14  hr.  5  min, 

27.  7  da.   13  hr.  44  min.,  8  da.  3  hr.  66  min.,  15  da.  3  hr.  3  min. 

28.  6  min.  19  sec.     29.  16  min.  18  seo.     80.  33  min.     81.  2  hr. 

Exerdse  90.  — 8.  4  yr.  6  mo.  28  da.  4.  6  yr.  4  mo.  29  da. 

5.  Milton,  65  yr.  10  mo.  29  da. ;  Pope,  56  yr.  0  mo.  9  da. ;  Shakespeare, 
62  yr. ;  Burke,  67  yr.  5  mo.  27  da. ;  Lee,  63  yr.  8  mo.  23  da. ;  Grant,  63 
yr.  2  mo.  26  da. ;  Goldsmith,  45  yr.  4  mo.  24  da ;  Franklin,  84  yr. 
3  mo. ;  Hamilton,  47  yr.  6  mo.  1  da.;  Longfellow,  75  yr.  0  mo.  27  da.; 
Newman,  89  yr.  5  mo.  20  da. ;  Gladstone,  88  yr.  6  mo.  10  da. 

ExerclBO  91.  —  1.  42  yd.  2  ft.  3  in.  2.  72  yd.  1  ft.  3  in. 

8.  79  yd.  2  ft.  4  Ia.       4.  26  bu.  1  qt.       6.  53  bu.  1  pk.      6.  59  gal.  1  qt 

7.  79  gal.  2  qt.  8.  27  bu.  3  pk.  1  qt.  9.  146  T.  800  lb. 

10.  118  T.  1483  lb.  11.  171  T.  540  lb.  12.  87°  51'  28". 
18.  249°  38'.     14.  138  da.  20  hr.  6  min.  15.  99  da.  2  hr.  24  min. 

16.  118  sq.  yd.  8  sq.  ft.  81  sq.  in.  17.  1527  ch.  30  1. 
18.  399  ch.  36  1.      19.  779  A.  40  sq.  rd.  20.  166  A.  137  sq.  rd. 

21.  151  sq.  yd.  5  sq.  ft.  36  sq.  in.  22.  129  T.  28.  254°  18'  36". 
24.  11,250  lb.   25.  76,240  ft. 

Ezerdse  92.  —  1.  2  T.  877  lb.  2.  10  T.  699}  lb.  8.  2  yd.  1  ft.  8  in. 

4.  13°  19'  19^".     5.  7°  1'  Hi".    6.  10  ch.  94  1.     7.  5  ch.  73  1. 

8.  5  yd.  2  ft.  5i  in.     9.  11  yd.  0  ft.  4  in.      10.  2  bu.  1  pk.  2  qt. 

11.  1875  lb.  12.  10  times.  18.  240  times.  14.  8000  1.  15.  6400. 
16.  1609.36.    17-  3.1416.    18.  4°  5' 27^^.    19.  264. 

ExerciBO  93.  —  1.  1750  lb.   2.  9'.   8.  18  hr.  40  min.   4.  469  lb. 

5.  22  hr.  48  min.      6.  12  qt.      7.  97,162  ft.      8.  1120  yd. 

9.  60  rd.  10.  946'.  11.  243  da.  8  hr.  12.  114  da.  1  hr.  30  min. 
18.  1  pk.  6  qt.  3.2  gi.  14.  2  qt.  1  pt.  IJ  gal.  15.  136  sq.  rd. 
16.  2  sq.  ft.  66.808  sq.  in.  17.  104  rd.  6  yd.  10.08  in.  18.  60  ch.  48  1.,  or 
241  rd.  5  yd.  2.16  in.    19.  205  da.  7  hr.  30  min.    20.  f    21.  .8. 

22.  210  da.  10  hr.  48  min.      28.  1821.6  ft,      24.  3740  sq.  yd. 
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86.  4290  sq.  yd.   26.  26  qt.   27.  3^  pt.   28.  4180  It.   29.  31  lb.  4  oz. 
80.  20  hr.  30  min.  81.  6  hr.  21  min.  36  sec.  82.  67°  30^  38.  100''  48'. 


ExeroiBO  95. — 1. 


2.  .16667  nearly. 
796876.         8.  .09376. 


8.  .06667.      4.  .375. 
9.  .196.    10.  AV 


14.  A-  15.  ;,. 

20.  1.12.  21. 

25.  A.      26.  .2. 
81.  .2.         32.  .6. 

8.  2.492  A. 


6.  .4375.        6.  .6626.        7 

11.  4.276.  12.  jli^.  18.  i. 
17.  .15626.         18.  .1111.  19.  .26. 
22.  .166.       28.  .03,  .024,  .016.       24.  f 
28.  .26.         29.  .16667,  f         80.  .26. 
84.  i.        85.  .241,  .616,  1.882,  11.87. 

ExerclBO  96.— 1.  1  A.  2.  22  A 

5.  1493JA.;  $37,333J.        6.  3.6  A.        7.  1200  A. 

EzerolM  97.— 8.  $1200.         4.  $10,800.         5.  $6720. 

7.  $6000. 
ExeroiBO  98.-1.  604cu.lt. 

4.  3160  cu.  yd.  5.  13,824  gal 

8.  3520  cu.  yd.       9.  270  boxes. 

12.  1481}  lb.  18.  120  T. 

16.  46  cd.        17.  128.76  T. 

Ezerciae  100.  — 1.  8.     2.  8.     8.  9.     4.  12.     5.  16.     6.  16. 
8.  36.    9.  12.     10.  12.     11.  7.     12.  13.     18.  19.    14.  23.     15.  24. 

17.  10.     18.  16.      19.  12.     20.  18.     21.  12.     22.  18.      28.  16. 
25.  32.     26.  36.     27.  44.     28.  63.     29.  48.     80.  64.     81.  66. 


16.   .656. 

.893  nearly. 

27.    0666+. 

33.   .05. 

4.  77  A. 

6.  $3600. 


2.  72  cu.  yd.  8.  9216  cu.  ft. 

6.  116.71  bu.  7.  660  cu.  yd. 

10.  l,251,666f  cu.  yd.        11.  24.48  T. 

14  212  lb.  i  oz.  15.  1728  boxes. 


7.  18. 
16.  28. 
24.  21. 
82.  84. 


2.  2,  4,  8. 


8.  19. 
11.  37. 


4.  23. 
12.  6£ 


Exercise  101.  —1.  2,  3,  4,  6,  12. 

5.  2,  3,  5,  6,  10,  16,  30. 
Exercise  102.  —  1.  7.       2.  20  ft. 

6.  33  mi.        7.  $40.        8.  13  ft. 
Exercise  103.  — 1.  111.      2.  39. 

7.  131.      8.   137.     9.  151.      10.  161. 
17.  3.      18.  3. 

Exercise  105.-1.  80.      2.  42.      8.  180.     4.  90. 
7.  168.       8.  108.       9.  102.       10.  144.       11.  480. 
15.  336.      16.  480.       17.  756.      18.  386. 
22.  216.     28.  180.      24.  676.      25.  180. 
29.  16,800.     80.  720.     81.  300.      82.  180. 
86.  840.      37.  600.      88.  2002.      89.  180. 
48.  108.    44.  720.    45.  360. 


8.  3,  9.       4.  3,  9. 
8.  2  lb.       4.  120  lb.       5.  80  lb. 


5.  13.      6.  101. 
15.  7.      16.  3. 


14.  78. 

21.  375. 

28.  420. 

85.  144. 

42.  420. 


5.  147. 
12.  420. 
19.  270. 
26.  210. 
88.  630. 
40.  210. 


6.  140. 
18.  160. 
20.  216. 
27.  210. 
84.  280. 
41.  240. 


Exercise  106.— 1.  124.         5.  240.         6.  12. 
9.  24.  10.  In  1  hr.  11.  8,  24,  40,  120. 

15.  m  mi.         19.  3300  ft. 


18. 


7.  90.  8.  4  wk. 

.  L. CM.  2,425,500. 
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Exercise  107.  — 1.  J.      2.  f      8.  f      4.  i}.      6.  }.      6.  J.  7.  f 

8.  A.     9.  A.      10.  t.     11.  ^iT.      1«.  *.     18.  f      14.  f     15.  J.  16.  f. 

17.  A.  18.  tV  19.  iJ.  20.  f.  21.  |.  22.  A-  23.  }.  24.  f  26.  f 
26.  H       27.  f      28.  f      29.  f      80.  ^,.      81.  A.      82.  t^j. 

Exercise  108.-1.  J.  2.}.     8.  H-     *•  f      «•  f     »•  A-  7.  H- 

8.  «.      9.  tV      10.  A.  11.  A-      12.  A.      18.  H-      14.  H'  15.  i|. 

16.  A-  ".  }.  18.  i.  19.  J.  20.  A.  21.  A.  22.  J.  28.  A* 
24.  A.      26.  J.      26.  A.      27.  A. 

Exercise  113.-1.  H,  A»  A-  2.  }i,  «,  A-  3.  jj,  «,  JJ. 

4.  *«,  ?i  H.       5.  i?i  A,  «.       e.  ^,  AV.  1^.  7.  ijs,  iM,  i%. 

s.  ^1.  HJ»  m-                2.  «|i  iff.  Mf.  10.  Hi,  HI,  iff 

11.  ii,  A,  A.  12.  M,  H»  M.  18.  iH,  m,  m-  14.  AV,  ^.  it*- 
16.  1%,  I'A,  J2«.  m 

Exercise  115.-1.  if.      2.  A.      3.  jf      4.  A       5.  A-      6.  1^. 

7.  H.       8.  A\,.       9.  lA.       10.  tt.       11.  HJ.  12.  IfJi.        18.  m- 

14.  if*.         15.  8H.         16.  5A\.    ■      17.  20A.  18.  T^J.         19.  5Ji. 

20.  JJ.  21.  6i}J.  22.  J.  28.  fif  24.  f*.  26.  lliif. 
26.  3HJ.        27.  9iH.        28.  13^^.        29.  lOff.  80.  9^^. 

Exercise  117.— 1.  2f.         2.  6^.         8.  4iJ.         4.  5i|.         6.  3^. 

6.  2^.  7.  lOH.  8.  9H.  9.  2}J.  10.  2}  J.  11.  11  A. 

12.  UA.  18.  2H.  14.  H.  16.  A^.  16.  xii.  17.  A. 

18.  A.  12.  A.  20.  A.  21.  T^.  22.  jh^  23.  A-  24.  31f. 
26.  JJ.  26.  2H.  27.  2|f  28.  fj.  29.  1|5.  80.  3J.  81.  IH. 
82.  «1272i.        38.  lOA-        84.  16A.        86.  9 A-        86.  A%. 

Exercise  118.-1.  1|.       2.  3.       8.  }.        4.  1.       6.  f        6.  1^. 

7.  If  8.  8.  9.  }.  10.  20.  11.  1.  12.  8A.  18.  2J. 
14.  17i.        16.  6.        16.  A.        17.  A.  18.  iU-        lO-  «•        20.  lA- 

21.  12A.        22.  15ff.        28.  lA-        24.  0.        26.  0.        26.  3}. 

Exercise  119.-1.  «2360.        2.  380.        8.  3750  mi.  4.  3540  mi. 

6.  1899  mi.         6.  900  mi.         7.  9112  mi.         8.  8995  mi.  9.  500  mi. 

10.  2355  mi.             11.  2030  mi.            12.  605  mi.             18.  1^51,937,925. 

14.  $730,377.  16.  « 2,944,492.  16.  $.238.  17.  $.498. 
18.  19.3^.        19.  1.09375.        20.  305,000  T. 

Exercise  121.— 1.  16^.         2.  21.         8.  32.  4.  21f  6.  17}. 

6.  li.         7.  If         8.  H.         2.  IJ.         10.  f  11.  14.  12.  If 

18.  6A.         14.  A.         15.  f         16.  2f        17.  f.  18.  A.  12.  Hf 

20.  lilf       21.  3f       22.  T^tt J.       28.  J.       24.  A-       26.  J.  26.  3f 
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Exercise  122.  — 1.  J^, 
7.  IH.  •.  If.  9.  i 
14.  H         16.  f        16.  li 


«.  i        8.  f        4.  A.        6.  A.         6.  i 

10.  A.       11.  *        12  H.       15.  li- 

17.  li.        18.  If.         19.  A-         «>.  H. 


EzerclBel24.  — 1.  24  da.         2.  114  T.  8.  10^  hr. 

6.    94233^,  $1693).       6.    $200.       7.   $300.  8.    IH- 

10.  f  81  cattle.         11.   75  T.         12.   166.  18.  $340. 

16.  1089.  16.  1600.  17.    Ij  hr.  18.   30  mi 


19.  37}  ft.  20.   i. 

24.  60/^  per  lb.      26. 


21.   $2. 
91  f  per  yd. 


22.  48  oranges. 
26.   $201.18.      27. 


4.  49}  yr. 
9.    10  and  15. 
14.    $6300. 
6  hr.  56  min. 
28.   41}  yd. 
42  pencils. 


S2xerclBel26.~l.  40.      2.  100,000.      3.  224.      4.  £.2055,  4.1098s. 
6.  .25  oh.,  92.12  ch.         6.   6400  sq.  ch.         7.   400  sq.  ch.         8.   40.406. 

9.  5,451,776,000  cu.  yd.  10.  547  cars.  11.  218.4  T.  12.  46.24  T. 
18.  92.28  T.  14.  10  yd.  16.  2  in.  16.  57°  17' 46"  nearly. 
17.  7.92  in.  18.  94,459.2.  19.  27,000  cu.  cm.  20.  188sq.  yd., 
240  cu.  yd.      21.   33.67  A.  nearly,  .9301  mi.       22.   442.361  sq.  yd. 

SSxercise  127.  — 1.    },  16,  13.  2.    A»  45,  4.  8.   },  63,  116. 

4.  }t,  7,8.  6.  A»36,55.  6.  A.  27,  20.  7.  A,  81,  40. 
8.  1%,  13,  22.  9.  A.  224,  135.  10.  xti,  77,  108.  11.  A,  8,  9. 
12.  A»  22,  27. 

Exercise  128.  — 1.   .16.      2.   .067083-       8.  .009166+.  4.  .03083+. 

5.  .005694+.      6.    .0200277+.       7.    .02822+.       8.    .0371+.  9.  .06416+. 

10.  .10816+.  11.  .0916+.  12.  .173616+.  13.  81.722.  14.  .309629. 
16.  .003694.  16.  .18833+.  17.  37.24875.  18.  20.015625.  19.  1.33875. 
20.  28.090625.        21.    15.7675.       22.  6.37875.       23.   .9.  24.  1.64583. 


Exercise  129.  — 1.  If       2.    15f.       3.  6}. 
6.   0.        7.  501b.        8.  A-        ®-  4950  ft.        10. 
12.    .013876  T.  18.   14001b.  14.   45°. 

17.  .3,  $1600,  A's  $300,  B's  $750.      18.  $1875. 
21.   .0624.  22.    $1178.86.  28.   112.5. 

26.    }}.      27.   3.9.       28.  $18.70.      29.  $1500. 
82.   9  da.      88.  14  hr.      84.   20  da.     86.  1.7875. 


$64,  $240.       40.  $75.       41. 


88.  $326.67. 

48.   126  1b.  15}  oz.        44.    $18.20.        46.  $121,67. 
47.   11;^,  $11.  48.  13  ^  $13.  49. 

60.  $133,016.  61.    $62,675.  62.  $117.60. 

64.  21.82  knots  per  hr.,  26.126  mi.  per  hr.  66. 

23.703  mi.  per  hr.  66.  24.13  knots  per  hr. 

68.   63.617  mi.  per  hr.  69.   50.77  mi.  per  hr. 

com  81}^  nearly,  oats  $  1.06}  nearly. 


4.   The  first.      6.   A^r- 
.1212+ rd.        11.   .456. 
16.   12°.  16.    }. 

X9.  7.9.  20.  11.3984. 
24.  228.  26.  $150. 
80.  13}  da.  31.  6  da. 
86.  il.      87.3251b. 


$89.25.       42.    $6.06. 

46.  11}  ^  $11.25. 

$34,588,  $32,858.60. 

68.  5  mills,  50^. 

20.584  knots  per  hr., 

67.  65.5  mi.  nearly. 

60.  Wheat  $1.31}, 
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Ihterci»el31.  — 1.  24**  10'.  9.  14°  16'.  S.  IP  17' 40". 

4.  29°  17' 46".  6..  108°  63' 48".  6.  73° 28'.  7.  229°  22' 32". 
8.  94°  60' 10".  9.  116°  6' 40".  10.  88°  10' 64'.  11.  114°  8' 45". 
12.  78°  37' 37".  18.  25°  33' 36".  14.  35°  23' 64".  16.  120°  36' 40". 
16.  74°  44' 66".  17.  116°  4' 2".  18.  206°  32' 28".  19.  234°  31' 30". 
20.  218°  42' 3". 

Ezerclse  132  (answers  correct  to  the  second) .  —  1.  1  hr.  42  min.  14  sec. 
2.  3  hr.  9  mill.  2  sec.     8.  4  hr.  36  min.  14  sec.     4.  12  hr.  63  min.  66  sec. 

5.  16  hr.  9  min.  38  sec.  6.  6  hr.  60  min.  69  sec.  7.  8  hr.  32  min.  16 
see.  8.  6  hr.  33  mm.  43  sec.  9.  16  hr.  20  min.  10  sec.  10.  13  hr. 
41  min.  28  sec.  11.  13  min.  38  sec.  12.  7  hr.  13  min.  68  sec. 
18.  2  hr.  10  min.  26  sec.  14.  6  lir.  46  min.  66  sec.  15.  14  hr.  13  min. 
10  sec.  16.  14  hr.  15  min.  2  sec.  17.  1  hr.  12  min.  69  sec.  18^  7  hr. 
16  min.  36  sec.      19.   1  hr.  46  min.  41  sec.      20.  14  hr.  6  min.  4  sec. 

EzerciBe  133.  —  1.  13°  22'  6"  E.  2.  4°  20'  36"  E.  8.  88°  17'  36"  E. 
4.  3°  12' 24"  W.  6.  9°  66' 36"  E.  6.  1' 64"  W.  7.  3°  43' 54"  W. 
8.  16°  17'  36"  E.  9.  5°  46'  3"  W.  10.  11  hr.  27  min.  a.m.  Feb.  23  ; 
9  hr.  66  min.  49  sec.  a.m.  Feb.  23  ;  2  hr.  67  min.  67  sec.  a.m.  Feb.  23 ; 
4  hr.  9  min.  21  sec.  a.m.  Feb.  23  ;    11  hr.  47  min;  67  sec.  a.m.  Feb.  23. 

Ezercise  134.  —  1.  Charleston,  19  min.  32  sec.  nearly;  New  York, 
3  min.  68  sec.  nearly  ;  Norfolk,  6  min.  9  sec.  nearly  ;  Providence,  14 
min.  23  sec.  nearly ;  Philadelphia,  36*  sec.  nearly ;  Washington,  8  min. 
2  sec.  nearly.  2.  Austin,  30  min.  66  sec. ;  Bismarck,  43  min.  8  sec.  ; 
Chicago,  9  min.  20  sec.  ;  Cincinnati,  22  min.  24  sec.  ;  Detroit,  27  min. 
48  sec. ;  Galveston,  19  min.  8  sec. ;  Louisville,  16  min.  66  sec. ;  New 
Orleans,  14  sec. ;  Pensacola,  10  min.  66  sec. ;  Savannah,  36  min.  38  sec. ; 
St  Louis,  1  min.  4  sec.  8.  9  min.  38  sec,  10  min.  40  sec.  7.  96°  W. 
8.   86°  W.      9.   91°46'W. 

EzerciBe  135.  — L  72°  W.  2.  11  o'clock  a.m.  March  3,  1  o'clock 
P.M.  March  3,  4  o'clock  a.m.  March  3.  8.  9  o'clock  a.m.  in  London, 

Manchester,  Glasgow;  6  o'clock  p.m.  in  Tien-Tsin ;  11  o'clock  a.m.  in 
Constantinople.  4.  15  min.  past  3  o'clock  a.m.  5.  166°  W.  6.  6 
o^clock  a.m.  the  following  day. 

Ezercise  136.  —1.  68.702  mi.,  68.784  mi.,  68.992  mi.,  69.231  mi.,  69.409 
mi.  2.  66.027  mi.,  69.956  mi.,  63.064  mi.,  44.663  mi.  6.  6046.767  ft., 
6071.333  ft.,  6092.383  ft.,  6106.082  ft,  6108  ft.  7.    77.83  ft,  328.39  ft 

8.   209.848  mi. 

Exercise  138.  — 1.  $264.      2.  367.60.      8.  77  bd.  ft      4.  87}  bd.  ft 

6.  96bd.  ft  6.  364}bd.  ft  7.  10  cu.  f t  8.  396bd.  ft  9.  20JJ  bd. 
ft       10.   141|  bd.  ft. 
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EzerciM  139.  —  1.  81.45  perches,  44,362  bricks.  S.  1984  en.  ft.,  1856 
cu.  ft.  8.  13,200  bricks,  $118.80.  4.  1000  cu.  ft.,  198,000  bricks. 
5.   $1909.84. 

EzerciMlM.  — 1.  421  yd,        ^'  ^J^-        >•  ^4  ycL       4.  66}  yd. 

5.  $33.60. 

X]zerciMl42.— 1.    .675.  8.   .626..        8.   .88646.  4.    .93125. 

6.  127.37.  6.  41.77.  7.  143.92.  8.  £23  12«.  9.  £85  19«.  lOd. 
10.   .2055.        11.  4.1098.        12.   .243325.       18.   $.006674.        14.   8  da. 

15.  15.      16.    £5  68,  lid.      17.   £15  138.  lOd.      18.  25. 

EzerclBe  143.  — 1.  25.222  francs,  20.43  marks,  24.014  krones. 
2.  (a)  $86.83,  (6)  $106.12,  (c)  $75.04,  {d)  $214.39,  (e)  $93.07, 
(/)  $145.91,  (g)  $120.60.  8.  $.05.  4.  (a)  2148.92  colons,  (6)  4848.48 
krones,  (r)  5182.69  pesetas,  ((2)  3731.10  krones.     5.  $38,590.    6.  $9839. 

7.  2.0549  sols.      8.  3.731  krones.      9.  $16.      10.  $10,804. 
Ezercise  144.  —  1.  7830  oz.    2.  .579  oz.,  8.355  lb.     8.  77.78  lb.  nearly. 

4.  2.7.       5.   1.036.       6.   1.04.       7.   14.7241b.       8.  62.5  T.        9.  4.17  T. 

10.  11.146  oz.,  6.059  oz.,  12.442  oz.,  6.586  oz.      11.  345  lb.      12.   1.0125  T. 

18.  39^  lb.  14.  54  T.,  139.715  lb.  15.  810  lb.  16. 1.3  17.  2.402  cu. 
in.  18.  166^  lb.  19.  280  oz.  20.  4.6955  times.  21.  108.194  1b. 
22.  212.5  lb.      23.  Steel,  23^  lb. 

X]zercl8el45.  — 1.  30**  C.  2.  25°  C.  8.  95°  C.  4.  120°  C. 

5.  20°  C.     6.  12J°C.     7.   3i°C.     8.   -5°C.     9.  -10°C.     10.  -25°C. 

11.  -40°C.      12.    -67i°C. 

Ezercise  146.  — 1.  95°  Fahr.  2.  131°Fahr.  8.  77°Fahr. 

4.  68°  Fahr.  5.  64.4°  Fahr.  6.  46.4°  Fahr.  7.  14°  Fahr. 

8.  -  4°  Fahr.         9.  6.8°  Fahr.  10.  ~  0.4°  Fahr.         11.  - 11.2°  Fahr. 

12.  -459.4°  Fahr.  13.  Mercury,  -40°;  sulphur,  235.4°;  lead,  618.8°; 
zinc,  779°  ;  gold,  1895°  ;  cast  iron,  2012°  to  2192°.     14.  -  40°.     15.  39.2°. 

Exercise  147.— 1.  $80,  $50.        2.  $591,  $394.        8.  $1440,  $1800. 

4.  $1188,  $2376,  $3564.  6.  $1700,  $2550,  $2975.  6.  756,  972, 1188. 
7.  912.5,  1095,  1277.5,  1460.  8.  1508,  1624,  1740,  1856. 

9.  1176,  1232,  1288,  1344.  10.  540,  612,  684,  756.  11.  57,  38. 
12.  992,  744.          13.  140,  225.          14.  975,  546.         15.  1170,  1300,  1755. 

16.  396,  770,  1023.         17.  $490,  $700,  $800.        18.  $720,  $900,  $1080. 

19.  iOS^  gr.  20.  A's  share,  $810  ;  B's  share,  $.360  ;  C's  share,  $450. 
21.  $3000.  22.  $30,000.  28.  A,  $8000;  B,  $2000.  24.  A,  $550; 
B,  $200.  25.  355,230.  26.  $40,  $24.  27.  $1.75,  $.50.  28.  13}  mi. 
29.  24  mi. 

Exercise  148.-1.  $8.25.        2.  llHa.        3.  $110.50.        4.  7|  da. 

5.  5  wk.      6.  400  men.      7.  21^  da.      8.  4  men.     9.  12  da.      10.  $490. 
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11.  8  da.     12.  20  men.     IS.  $44.     14.4771b.    16.^26.44.    16.    9147. 

17.  $148.60.  18.  $81.  19.  40  men.  80.  $108.  81.  8  men. 
88.  177  mi.        88.  138  mi.        84.  20  da. 

EzerciBe  149.  — 1.  76^.  8.  6^.  8.  $4.07.  4.  60^. 

5.  6 :  11,  00  lb.,  198  lb.  6.  64  lb.  7.  80  lb.  8.  29^.  9.  $2.40. 
10.  h  f 

Exercise  150.  —  8.  2}  hr.  4.  1^  hr.  5.  4 ^  hr.  6.  H-  7.  f  hr. 
8.  1  hr.  9.  lOi  hr.  10.  100  da.,  20  da.  11.  1  hr.  18.  O^f  da.;  A,  14}^; 
B,  ISjPyj  C,  34f.      18.  26  hr.,  37J  hr.      14.  48  da.,  28.8  da. 

EzerclBe  151.  —  1.  1260  mi.  8.  6  hr.,  160  mi.  8.  10.38  a.m. 

4.  22  mi.  per  hr.        5.  106.6  yd.        6.  180  mi.       7.  30  mi.       8.  360. 

Exercise  152.  —  8.  48,  72,  etc.  8.  6  min.  spaces.  4.  10}}  min.  past 
2  o'clock,  16^^  min.  past  3  o'clock,  27 A:  niin.  past  6  o'clock,  38j^.  min. 
past  7  o'clock,  49^  min.  past  9  o'clock,  64^  min.  past  10  o'clock,  At  no 
time.  5.  (a)  38^  min.  past  1  o'clock,  (6)  49^  min.  past  3  o'clock, 

(c)  lOff  min.  past  8  o'clock,  (d)  IQ^^  min.  past  9  o'clock,  (e)  27^^^  min. 
past  11  o'clock,  (/)  32^  min.  past  12  o'clock.  6.  49^  min.  past  3 
o'clock,  6^**^  min.  past  7  o'clock.  7.  (a)  27,5^  min.  past  2  o'clock,  (b)  32^ 
min.  past  3  o'clock,  (c)  6^y  min.  past  4  o'clock,  38^  min.  past  4  o'clock, 

(d)  16^  min.  past  6  o'clock,  49j^j-  min.  past  6  o'clock,  (e)  27T«r  min.  past 
8  o'clock,  (/)  32^  min.  past  9  o'clock,  (gr)  43,2,.  min.  past  11  o'clock, 
(h)  16^  min.  past  12  o'clock.  8.  13^  min.  past  4  o'clock,  6  o'clock, 
48  min.  past  4  o'clock.         9.  38^  min.  past  6  o'clock. 

Exercise  153.— 1.  116.96  da.  8.  (a)  686.6  da.,  (6)  398.57  da., 

(c)  377.8  da.,     (d)  369.4  da.,     (c)  367.23  da.  8.  (a)  334.6  da., 

(6)  62,616  da. 

Exercise  154.  —  1.  2}  mi.        8.  2  mi.        8.  6  mi.        4.  2  hr. 

Exercise  155.  —  1.  97.6.        8.  644.         8.  4f).        4.  24  mi.,  96  mi. 

5.  16  da.        6.  f 

Exercise  158.  — 1.  $7.66.    8.  $34}.    3.  $48.     4.  $100.     5.  $260. 

6.  $315.      7.    $226.      8.    $440.      9.    $870.       10.    $144.       11.    $49.16. 

18.  $60.  13.  $61.  14.  $87.50.  15.  $1210.  16.  $987.  17.  $1800. 
18.  $1626.  19.  $3000.  80.  $2450.  81.  $1960.  88.  $7800.  83.  $612. 
84.  $1656.     85.  $6000.         86.  $12,150. 

Exercise  159.  — 1.  $3200.  8.  $2160.  8.  $1230.  4.  $900.  5.  $106. 
6.  $660.  7.  $21.  8.  $82.  9.  $390.  10.  $720.  11.  $410.  18.  $1740. 
13.  $3676.  14.  $1109.  15.  $8320.  16.  $6696.56.  17.  $470. 
18.  $3769.60.  19.  $4410.  80.  $301.  81.  $646.  88.  $1040.  88.  $1120. 
84.  $200.     85.  $1606.     86.  $784.     30.  $1126.    81.  11.2  oz.    32.  27}  lb. 
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8S.  92050.  84.  K.Y.,  9476350,000  ;  Boston,  9182,082,600 ;  PhUadelphia, 
964,387,600;  Baltimore,  9 113,475,000 ;  New  Orleans,  $81,600,000;  Gal- 
veston, 991,417,500.  35.  95,087,260;  918^387,260.  36.98,400,000; 
9  20,900,000.  87.  9  851^78,043 ;  9  30,037,872 ;  9  403,033,640.64. 

88.  457.2  lb. 

Ezerclae  160.  — 1.  3700.  2.  91244.  8.  9864.  4.  7200,6000,4500, 
4000.  6.  4000, 3000, 2400,  2000, 1500, 1000.  6.  912,500 ;  911,250 ;  910,000 ; 
96,000.  7.  9360,  9432,  9324,  $243.  8.  97200,  $6750,  95400,  93600, 
92700.  9.91120,  9672,  9480.  10.  4200  oz.  11.76,300,712. 
12.  39,007,793.  13.  37,220,331.  14.  6,166,710.  15.  9213,293,651. 
16.  91,960,233.     17.  3500.    18.  3600.    19.  304,800.    80.  40001b. 

Exercise  161.  — 1.  80%.  2.  20%,  35%,  55%,  65%.  3.  5%,  20%,  30%. 
42io/,.  4.  100/^  13J%,  30%,  12^0/^.  5.  12J%,  15%,  37}%,  66|%.  6.  60/,, 
70/,  8J%,  18f  %,  104J%.  7.  20%,  9%,  16}%,  6^%,  200o/,.  8.  93^%,  33}%, 
16%.  9.  l}%,8}o/^6i%,2A%.  10.3}%.  11.  2} 0/,.  ij.  j%.  18.  4^*. 
14.6}%.  15.12}%.  16.26%.  17.  33}o/„.  18.  115.7%  nearly. 
19.88.44%  20.  1}%,  10%.  21.  Ojo/,.  22.  20%,  60%,  80%.  28.91.44% 
nearly,  109.36%  nearly.  24.  62.14%  nearly.  25.  82?%.  26.  109f%. 
27.  (a)  1.43%,  (b)  2.42%,  (c)  .65o/„  (d)  1.02%,  (c)  .71%,  (/)  .63%, 
ig)  1.16%,  W  .3%,  (0  .97%.  28.  Mobile,  23.79%;  Little  Rock,  48.06%; 
Los  Angeles,  103.35%;  Denver,  25.44%;  Pensacola,  61.04%,  Savannah, 
26.6%;  Springfield,  36.84%;  Evansville,  16.26%;  Dubuque,  19.75%; 
Kansas  City,  Kan.,  34.19%;  Lexington,  22.27%;  Kansas  City,  Mo., 
23.38%;  Minneapolis,  23.06%.  28.  1.12%  nearly.  80.9.07%  nearly. 
3L  64.69%,  13.12%,  22.19%.      82.  llf%. 

Exercise  162.— 1.  93250.  2.  9300.  8.  93640.  4.  12}%.  5.  8}%. 
6.  20%.     7.  10%.       8.  9%.       9.  997.      10.  986.      11.  976.      12.  9105. 

18.  980,  915.     14.  9120.     15.  94.20.     16.  25%.     17.  9982.     18.  12,080. 

19.  916.67  nearly.  20.9200.  21.910,240.  22.911,520.  23.986,700. 
24.  476  lb.  25.  12%.  26.  14^%.  27.  22?%.  28.  $166.  29.  177J%. 
80.6^.  31.  92.10  per  yd.  82.24^.  83.16}%.  84.  38f  %.  36.  84<? 
per  lb.  36.  11}%.  37.  998.  88.  998.70.  89.  96}^.  40.  440.  41.  200. 
42.  33}%.  43.  9148,  30}%.  44.  66}%.  45.  (a)  40%  above  cost,  (b)  30% 
above  cost,  (c)  60%  above  cost,  (d)  22}%  above  cost,  (e)  42f  %  above 
cost.    46.98.40.     47.12%.    48.12}%.- 

Exercise  164.-1.  947.25.  2.  9612,  32%.  3.  30%.  4.  9898.88. 
5.  9283.50.  6.  9232.66.  7.  910.  8.  32}%.  9.  24}%.  10.  26%. 
11.  92,  930.  12.  (a)  9241.92,  (&)  9547.20,  (c)  9466,  (d)  9739.20, 

(c)  9403.20,    (/)  9739.20,     (g)  9043.92,     (h)  9962.50.  18.  38}%. 

14.  9320,  45f  0/0.  16.  (a)  9700,    (6)  97000,    (c)  93000,     (d)  99690, 

(«)  95000,  (/)  93000,  (g)  94000,  (h)  9OOOO. 
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Exercise  165.— 1.  $320.    2.  $1060;  $16,450.    3.  $45,  $705.    4.  $4. 

5.  96,000  bu.        6.  $56.16,  $1815.84.        7.  $45.        8.  $56.70,  $1563.30. 

9.  $1125;  $21,37§;  95%.  10.  900  T.  11.  844  bales,  Sj^  per  pound. 
12.  $17.28.  13.  3J%.  14.  227,200  bu.  16.  $4200.  16.  $7800,  $7449. 
17.  $25.     18.  $235.50,  78^^.     19.  4000  bu.    20.  3750  lb.     21.  150  A. 

Exercise  166.  — 1.  $24,  $30,  $36,  $48.  2.  $59.50,  $68,  $76.50. 

3.  $28.60,  $38,  $76.  4.  $78.56,  $147.30,  $88.38.  6.  $75,  $85. 

6.  $128,  $119.        7.  $213.75,  $200.       8.  $180,  $152.        9.  $120,  $175. 

10.  $204.17,  $163.33.  11.  $7.04.'  12.  $8.35.  13.  $9.39.  14.  $12.38. 
15.  $12.87.  16.  $16.  17.  $28.14.  18.  $9.19.  19.  $12.85.  80.  $56.07. 
21.  $203.52.  22.  $243.83.  23.  $164.79.  24.  $175.50.  26.  $205. 
28.  $191.25.    27.  $16.11.     28.  $47.14.    29.  $39.36.     80.  $53.36. 

Exercise  167.— 1.  $7.20.       2.  $12.00.        3.  $99.37.       4.  $102.04. 

5.  $75.14.    6.  $101.26.    7.  $64.87.     8.  $43.63.     9.  $16.78.     10.  $7.21. 

Exercise  168.  — 1.  $838.67.     2.  $693.10.     3.  $802.50.    4.  $355.61. 

6.  $337.79.        6.  $753.13.       7.  $880.28.       8.  $336.46.       9.  $1016.92. 

10.  $389.00.     11.  $1332.62.    12.  $3751.84.     18.  $1532.50.     14.  $4455.73. 

15.  $1243.87. 

Exercise  169.— 1.  $3.88.  2.  $1.96.        3.    $1.18.         4.  $24.07. 

5.  $13.96.    6.  $26.02.    7.  $35.16.     8.  $49.79.    9.  $39.47.      10.  $39.52. 

Exercise  170.— 1.  $485.04,  Mar.  16.  2.  $654.77,  Feb.  6. 

8.  $908.40,  Mar.  19.  4.  $1006.67,  Mar.  13.     '      5.  $542.70,  Apr.  6. 

6.  $837.79,  July  7.  7.  $930.73,  July  10.  8.  $537.96,  Sept.  8. 

9.  $964.25,  Oct.  4.        10.  $727.20,  Oct.  18.         11.  $848.40,  Jan.  9, 1903. 

12.  $735.84,  Dec.  31.    13.  $329.23,  Mar.  30.    14.  $623.75.    15.  $826.40. 

16.  $562.83.        17.  $667.55.        18.  $880.10.        19.  $1014.30. 
Exercise  171.— 1.  $2835.13.    2.  $1776.30.    8.  $233.67.    4.  $480.85. 

5.  $1619.41.    6.  $1158.16.    7.  $136.02.    8.  $445.02. 

Exercise  172.— 1.  $62.84.     2.  $215.47.    3.  $325.31. 

Exercise  173.-1.  $3.78.        2.  $2.12.        3.  $2.98. 

Exercise  174.-1.  $1156.43.     2.  $622.91.    8.  $1650.     4.  $1278.12. 
5.  $983.59. 

Exercise  175.— 1.  $500.         2.  $1200.         3.  $1000.  4.  $240. 

5.  $2400.       6.  $300.        7.  $600.        8.  $800.       9.  $195.        10.  $450. 

11.  $1020.      12.  $324.      18.  $300.       14.  $937.50.      15.  $11,300. 
Exercise  176.  — 1.1  yr.       2.  3  yr.       3.  1  jr.      4.  4  yr.      5.  1  yr. 

6.  1 3rr.  9  mo.  7.  3  yr.  3  mo.  8.  1  yr.  1  mo.  15  da.  9.  1  jrr.  10  mo. 
15  da.        10.  1  yr.  1  mo.  15  da.        11.  1  yr.  10  mo.        12.  8  mo.  15  da. 

13.  2  yr.  11  mo.        14.  1  yr.  2  mo.  15  da.        16.  6  mo.  9  da. 
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EzerdM  177.-1.  6%.        2.  7%.         3.  6%.         4.  8%.         6.  7%. 

6.  6%.  7.  5%.  8.  4%.  9.  6%.  10.  6%.  11.  8%.  12.  9%. 
13.  4i%.  14.  6%,  16.  6%.  16.  7%  17.  6%  18.  6%. 

19.  51%.        20.  4i%. 

Ezerclse  178.  — 1.  $800.  2.  $700.  3.  $600.  4.  $840. 

5.  $360.  6.  $230.  7.  $  11,605.  8.  $162.50.  9.  $680. 

10.  $630.  11.  $740.  12.  $460.  18.  $403.  14.  $240. 

15.  $1017.50.        16.  $1800.        17.  $245.        18.  $240.        19.  $22,530. 

20.  $803. 

EzerclBe  179.  — 1.  $392.         2.  $6.43.         8.  $1.44.         4.  $5.51. 

5.  $24.57.  6.  $858.67.  7.  $548.91.  8.  $999.84.  9.  $14,000. 
10.7%.         11.7%.         12.  $24,000.        18.  $6000.        14.  1  mo.  18  da. 

15.  4  mo.  16.  2yr.  6mo.  17.  1  yr.  8  mo.  18.  $48.  19.  $204.40. 
20.  219  da.     21.  2  mo.  12  da.     22.  $500.      23.  $1072.50.      24.  $13,000. 

Ezerclse  180.  — 1.  Discount  $4.13.  2.  Discount  $  5.87.  3.  Dis- 
count $7.50.  4.  Discount  $7.00.  5.  Discount  $  9.50.  6.  Discount 
$1.00.       7.  Discount  $7.25.       8.  Discount  $2.25.       9.  Discount  $4.00. 

10.  Discount  $2.92.  11.  Discount  $  13.33.  12.  Discount  $  5.00. 

13.  Discount  $  10.40.  14.  Discount  $  3.37.  15.  Discount  $  1.90. 

16.  Discount  $6.16.  17.  Discount  $  10.92.  18.  Discount  $8.55. 
EzerclBe  181.  —1.  Discount  $  1.65,  Proceeds  $352.72.  2.  Dis- 
count $9.25,  Proceeds  $  391.87.  3.  Discount  $  1.61,  Proceeds  $  450.86. 
4.  Discount  $6.08,  Proceeds  $601.92.  5.  Discount  $  5.05,  Proceeds 
$499.95.  6.  Discount  $6.64,  Proceeds  $898.31.  7.  Discount  $  16.89, 
Proceeds  $996.44.  8.  Discount  $7.58,  Proceeds  $749.92.  9.  Dis- 
count $  3.22,  Proceeds  $  801.18.      10.  Discount  $  4.24,  Proceeds  $  399.96. 

11.  Discount  $21.38,  Proceeds  $  843.49.  12.  Discount  $  1.96,  Proceeds 
$904.79.  18.  Discount  $  17.60,  Proceeds  $  1201.  14.  Discount 
$4.23,  Proceeds  $1618.27. 

Ezerciee  182.  — 1.  $734.95.  2.  $817.85.  8.  $892.68. 

4.  $577.79.  5.  $945.38.  6.  $527.84.  7.  $993.54.  8.  $536.67. 
9.  $444.14.       10.  $743.97.      11.  $898.18.       12.  $828.13.       18.  3  mo. 

14.  1  mo.        15.  6%. 

Ezerciee  184.  — 1.  $2726.80.  2.  $3497.40.  3.  $5086.35. 

4.  $6306.72.  5.  $8279.64.  6.  $9965.05.  7.  $5484.76.  8.  $6287.92. 
9.  $6027.92.  10.  $6097.61.  11.  $5393.25.  12.  $9771.30.  13.  $4509. 
14.  $6913.08.  15.  $7789.72.  16.  $1232.46.  17.  $4.20.  18.  $9987.50. 
19.  $598.50.        20.  $993.33.        21.  $891. 

Exercise  185.-1.  $4872.    2.  $2669.92.    3.  $1116.60.    4.  $17,064.12. 

6.  $352.42.  6.  $1717.  7.  $289.50.  8.  (a)  $4503.22^  (6)  $4134.75, 
(c)  $600,  (d)  $1798.45,  (e)  $1636.25,  (/)  $2840.02. 
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EzerclBe  186.  —  1.  £  1200.  2.  £  250.  8.  38,080  marks. 

4.  19,300  francs.  5.  2680  krones.  6.  £486  10j».  7.  6376.85  francs. 
8.  23,801.68  marks. 

Ezerclae  187.  ~  2.  $1620,  $1640.  8.  $3720.  4.  $20,075. 

5.  $2965.62.  6.  $5337.50.  7.  $8200;  $9750;  $9300;  $12,962.50; 
$14,287.50;  $13,412.50;  $10,850;  $14,412.50;  $16,837.50;  $6300. 

Exercise  188.  — 1.  $14,262.50;  $141,250.  2.  $9737.50. 

3.  100  shares.        4.  $125.         6.  $125.         6.  $400.         7.  200  shares. 

8.  100  shares.        9.  1000  shares.        10.  200  shares. 

Exercise  189.  — 1.  159}.  2.  149f      8.  $18,550.      4.  $32,718.75. 

5.  4J|%.            6.  62|.            7.  $30,918.75.           9.  $ 875 ;  no  brokerage. 

10.  5}%.                11.  $200.  12.  $5093.75.                18.  Central. 

14.  438  shares. 

Exercise  190.-1.  $118.25.  2.  $113.85.  8.  $129.48. 

4.  $312.90.        5.  $435.20.        6.  $589.68.        7.  $31,500.        8.  $16,400. 

9.  $27.10,  35  yr.  10.  $39.60,  46  yr.  11.  $2500.  12.  $5250. 
18.  $23,300.        14.  $4500. 

Exercise  191.-1.  $38.50.         2.  $54.  8.  $60.60.         4.  $115. 

5.  $109.37.  6.  $104.50.  7.  $157.50.  8.  $152.  9.  $320. 

10.  $225. 

Exercise  192.  — 1.  $325.  2.  $230.         8.  $67.50.  4.  $37.50. 

5.  $47.50.           6.  $93.50.  7.  $97.50.           8.  $72.  9.  $91.80. 

10.  $59.40.       11.  $120.       12.  $101.50.       18.  $136.50.  14.  $240.62. 

16.  $273.20.        16.  $106.65.  17.  $247.50.        18.  $219. 

Exercise  193.  — 1.  $43.20.       2.  $130.50.       8.  $136.  4.  $141.75. 

5.  $123.50.  6.  $86.40.  7.  $180.50.  8.  $210.  9.  $315. 
10.  $2500.        11.  $248.        12.  $259.20.        18.  $34.20.  14.  $30.62. 

Exercise  194.— 1.  $79.20.      2.  $22.50.      8.  $157.50.      4.  $259.37. 

6.  $430.        6.  $138.60.         7.  $166.50.         8.  $403.20.         9.  $184.80. 

Exercise  195.— 1.  $2800.       2.  $8500.  8.  $12,000.  4.  $19,000. 

5.  $17,000.         6.  $22,500.         7.  $4900.  8.  $34,500.  9.  $8400. 

10.  $49,500.      11.  $72,500.      12.  $46,500.  18.  $3500.  14.  $17,800. 

15.  $3700.  16.  $3100.  17.  $2090.  18.  $3900.  19.  $3300. 
20.  $4500.  21.  $9000.  22.  $4100.  .  28.  $9880.  24.  $800. 
25.  H%.        26.  85^  on  $100. 

Exercise  196.— 1.  $31,144.  2.  $19.  8.  $42.  4.  $166,750. 
5.  $551,100.  6.  $7860.  7.  $130.50.  8.  $42.50.  9.  $164.10. 
10.  $25.  11.  $3,009,600.  12.  H^  "•  $6,215,500. 

14.  $  .003077  nearly.  16.  50^  on  $  100.  16.  $4,266,000. 
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17.  #360,000,000.  18.92,112,000.  19.172,000.  90.  •188,449.87. 
21.  98,404,000.  88.  9342.25.  88.  9380,9127.50.  94.  923.94. 
85.  9607,190.16;  9669,302.56. 

EzerciM  197.— 1.  962.40.         8.  9500.        8.  92.16.        4.  9^6.28, 
926.31.  5.  £43  48.,  or  9210.23.  6.91.81.  7.91.46. 

8.9266.80.  9.958.  10.  972,  98.19  each.  11.  901.80. 

18.  917.60,  981.  18.  965.  14.  9652,  92.208.  16.  9750. 
16.  928.80.        17.  904.50.        18.  9125.        19.  £5.       80.  982.12,  29.4^. 

EzerciM  201.— 1.  4.          8.  3  a.          8.  3  a.          4.  4.  6.  3a>. 

6.  3  a.  7.  2aK  8.  6  a.  9.  ^a\  10.  11  a*.  11.  11  a«. 
18.  4a«.  18.  2a«.  14.  3a«.  16.  6a«.  16.  7  a;.  17.  8«*. 
18.  7  a;.  19.  6  a;*.  80.  6  a^  81.  6.  88.  2  a;*.  88.  3&. 
A.  3&>.        85.  2  6>. 

Ezorolae  203.  — 1.  9.       8.  8.       8.  20.       4.  80.       6.  18.       6.  35. 

7.  30.         8.  40.         9.  22.  10.  45.         11.  66.        18.  56.        18.  54. 

14.  60.  15.  45.  16.  49.  17.  90.  18.  56.  19.  63.  80.  40. 
81.  56.        88.  18.        83.  22.        84.  30.        85.  35. 

Exercise  204.  — 1.  9675.         8.923.04.         8.9609.20.  4.  10  da. 

5.92175.         6.  16  hr.  48  min.         7.  20  da.         8.  18}  bu.  9.  9  da. 

10.  25  da.        11.  400  men.        12.  21  da.        13.  18  turkeys.  14.  e^f. 

15.  280,176  ft.        16.  75  ft. 

EzerolBe  205.-1.  84  A.         8.  150  ft.  8.  9260.        4.  2067.5  T. 

5.  20  ft.  6.  7  da.  7.  12  da.  8.  6  da.  9.  7  hr.  12  min. 
10.9113.40.  11.9366.625.  18.  2^  da.  18.  8  da.  14.  17.85  T. 
15.  njhr. 

Exercise  206.-1.  A's  share,  9800  ;  B^s  share,  91000;  C's  share, 
9 1200.  8.  A's,  9600  ;  B's,  9 1600.  8.  A's,  990 ;  B's,  981. 

4.  A's,  9000  ;  B's,  9700.  5.  A's,  9780  ;  B's,  9054  ;  C'a,  $420. 

6.  A,  9300;  B,  9300.        7.  9700,  9750. 

Exercise  210.-1.  .01,  .04,  .09,  .16,  .26,  .36,  .49,  .64,  .81.     2.  1,  \,  i, 

Ai   T5»   Tt*  t9»   A»   Tr»   roTF»    T5T»   it?*  T6T»   T«»   llTP*  l55»  If V»  iJTi  «Ti  ToTS* 

8.  i,  A,  ih  A,  AV  \lh  m^  ih'    4-  2i,  5i,  m  lA,  3A,  3H,  ^h  soa- 

0.  1,  i,  A»  A»  Ti^»  si?*  f\^i  3i5»  ri?*  tAt»  tAt»  tAj^  tAt*  iAi»  rhzt 
tAtt.  lAi.  3A1.  «A^i  T^'  7.  3025.  8.  25,333.  9.  (a)  3, 

(6)  86.67.35,   (c)  29.1708,   {d)  66.0806,   (e)  .4670,   (/)  .5790,    {g)  .8991, 
{h)  .5,  (i)  .6,  (j)  .9.     10.  385.     11.  .001,  ,008,  .027,  .064.  .125,  .216,  .343, 
.612,  .729.     12.  1.169869,  1.215506,  1.262477,  1.310796. 
Exercise  211.— 1.  13.       2.  21.       3.  25.       4.  31.      5.  32.      6.  43. 

7.  53.  8.  62.  9.  65.  10.  73.  11.  76.  12.  82.  18.  84.  14.  87. 
15.  92.  16.  96.  17.  98.  18.  99.  19.  89.  20.  78.  21.  69.  28.  69. 
88.  49.     24.  68. 


ANSWEflS  546 

Exercise' 212.  — 1.  317.     S.  332.     8.  347.    4.  414.     5.  436.    6.  447. 

7.  479.  8.  627.  9.  667.  10.  695.  11.  626.  12.  676.  18.  689. 
14.  708.     16.  809.     16.  879.     17.  905.     18.  909. 

Exercise  213.— 1.  .388.       2.  .496.       3.  .587.       4.  .539.       5.  .513. 
6.  .079.    7.  .729.     8.  .785.    9.  .885.     10.  .288.     11.  .249.     12.  .0608. 
Exercise  214.— 1.  1.095.     2.  2.062.      8.  1.049.     4.  2.^8.     5.  1.817. 

6.  2.291.  7.  1.768.  8.  3.028.  9.  1.173.  10.  2.121.  11.  1.696. 
12.  .764.     18.  .816.    14.  .632.     15.  .797. 

Exercise  215.  —1.  69.57  yd.      2.  241  yd.      3.  238  yd.      4.  1.025  mi. 

5.  739  rd.  6.  311.13  yd.,  155.66  yd.  7.  538.89  yd.,  179.63  yd. 

8.  19.41  rd.      ^ 

Exercise  216.  —  1.  10.     2.  13.      8.  17.      4.  29.      6.  106.      6.  101. 

7.  146.  8.  89.  9.  149.  10.  68.6.  11.  425.  12.  305.  18.  433. 
14.  305.     15,  50  ft.    16.  14.14  rd.    17.  30.232  rd. 

Exercise  217.  — 1.  152.        2.  184.        3.  280.        4.  2.17.        6.  .261. 

6.  .319.     7.  .2.     8.  .748.    9.  .446. 

Exercise  218.  —  1.  126.    2.  180.    8.  264.    4.  840.    5.  622.     6.  9240. 

7.  150,769.  8.  86.26  A.  9.  5.775  A.  10.  1.638  A.  11.  1.68  A. 
12.  43.301  sq.  rd.        18.  1082.53  sq.  rd. 

Exercise  219.  — 1.  69.12.         2.  144.51.         8.  471.24.         4.  516.22. 

5.  615.75.  6.  420.97.  7.  540.36.  8.  22.62.  9.  37.07.  10.  46.87. 
11.102.  12.152.  18.7.8.  14.13.2.  15.60.  16.8.5.  17.9.6.  18.6.7. 
19.  480  times.     20.  192  times. 

Exercise  220.— 1.  615.8.    2.  1520.6.    8.  4071.6.    4.  69.4.    5.  132.73. 

6.  232.35.  7.  296.59.  8.  4778.4.  9.  3217.  10.  7238.2.  11.  4300.8. 
12.  6647.6.  18.  795.8.  14.  484.16.  15.  648.2.  16.  688.3.  17.  6.023. 
18.  3.789.    19.  7.643.    20.  9.282. 

Exercise  221.— 1.  31.    2.  17.    8.  33.    4.  42.    5.  2.6.    6.7.2.    7.9.2. 

8.  9.8.  9.  11.8.  10.  13.4.  11.  7.6.  12.  9.3.  18. 99.  14. 850.  15.  650. 
16.  39.25  yd.  17.  288,576,452.4.  18.  329.9  sq.  in.  19.  1661.9  sq.  in. 
20.269.8.    21.  139.1  sq.  in.    22.  259.8  sq.  in.,  225  sq.  in.    23.  Circle. 

Exercise  222.  — 1.  46.5  in.  2.  49.22  in.  3.  1.01ft.  4.  36^  5.  3°36^ 
6.  31'.2.    7.  11".     8.  32'  4''. 

Exercise223.  — 1.20  ft.  2.176  ft.  8.  110  mi.  4.  7^  mj.  5.22.36  ft. 
6.  7.07  ft.     7.  16:121.     8.  4:9.    9.  186.96  sq.  mi.     10.  V2:l. 

Exercise  224 — 1.  576  sq.  ft.  2.  680  ft  8.  10}  ft.  4.  l^ft. 
5.  1280  ft.  6.  630  sq.  ft.  7.  $26.40.  8.  147  sq.  yd.  9.  53.46  sq.  ft. 
10.  4021  sq.  in.  11.  67  yd.  12.  2984.6  sq.  ft.  18.  15456.6  sq.  in. 
14.  $392.70.    15.  120,687  sq.  in.    16.  6641.7  sq.  in.     17.  28,842,700  sq.  mi. 
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18.  186,265,000  sq.  mi.    19.  (1)  Jupiter,  23,235  million  sq.  mi. ;  (2)  Ura- 
nus, 3217  million  sq.  mi. ;  (3)  Neptune,  3421  million  sq.  mi.  ;  (4)  Saturn, 
16,741  million  sq.  mi.     SH).  58  in.     91.  1257  sq.  in.  each.      22.  55  in. 
28.  50  yd. 
EzerdM    225.— 1.  5280  cu.   in.      2.  700  cu.  in.      3.  4071.5  cu.  iu. 

4.  15,708  cu.  in.  5.  2598  cu.  in.  6.  33,610  cu.  in.  7.  2144.7  cu.  ft. 
8.  4004  gal.  9.  4562  gal.  10.  3:2.  11.  1 :  2.  12.  52  cu.  ft  1269  cu.  in. 
18.  3  ft.  14.  4189  cu.  in.  15.  40  ft.  16.  1,367,631.  17.  48  times. 
18.  760  times.     19.  1321  times. 

X]zerciBe229.  — 1.  37.    2.58.    8.119.    4.66.    6.63. 

Exercise  230.  — 1.  130.    2.  336.    8.  630.    4.  1008.    5.  625.     6.  650. 

7.  570. 

I!zex€iM231.  — 1.  126.    2.  13,120.    8.  105^.    4.  76^,.    5.162^. 
Ezerciee  232.  — 1.  3.      2.27.      8.}.     4.  A.     b.  ^.     6.  H-     7.  }£. 

8.  ^.    9.  1. 

Exercise  233.  — 1.  .6,  .6,  .63,  .i7i,  .236i,  .3409,  .153,  .142857,  .692307, 
.337.  2.  A,  A.  a.  ««.  «.  T%%.  h  Jh*  ih'         4.  nUh  1.1819. 

5.  .841471.         6.  .540302.         7.  2.718282.  8.  1.414201.  9.  .09066. 

10.  .049958. 

Exercise  234.  — 1.  81735.96.    2.  $3096.92.  8.  $2429.73.   4.  $1419.20. 
Exercise  235.-1.  $1400.     2.  For  $1550.     8.  $22.50.     4.  In  8  mo. 

5.  $1200.     6.  8^%,      7.  $286.20.      8.  $2030.      9.  10  mo.      10.  $2791.97. 

11.  $2707.36.  12.  $20,000.  18.  $4151.85  14.  $230.97.  15.  (a)  $70.73, 
(6)  $60.83.    16.  $1132.25.     17.  $1439.13. 

Exercise  236.  — 1.  13.     2.  22.     8.  25.    4.  34.    5.  42.    6.  45.    7.  54. 
8.  '63.    9.  67.    10.  76.    11.  84.    12.  88.    18.  96.    14.  99.    15.  82. 
Exercise  237.— 1.  243.         2.  258.         8.  364.         4.  465.        5.  495. 

6.  (a)  .5848,  (6)  .8879,  (c)  .9655,  (d)  1.035,  (e)  1.186,  (/)  1.032, 
(g)  1.94,  {h)  .63,  (i)  .8434. 

MISCELLANEOUS  EXAMPLES   (A) 

8.  8999.991.      9.  274.999225.      10.  8,447,537,940,492.      11.  636,300,000. 

12.  75,170,080,000.  18.  7.1407.  14.  814,691.5346827284.  15.  166.375  mi. 
16.  $3828.12.  17.  $3570.12.  18.  .000504.  19.  1.12550881. 
20.  278,600,000.  21.  (1)  $.476,  (2)  $3,508,  (3)  $51,877,  (4)  $.243, 
(6)  $1,427.  22.  372.015.  23.  28,127,000  nearly.  26.  52,800  mi. 
26.  .341.  27.  .8251.  28.  .1704.  29.  .000439625.  80.  14.461°. 
81.  8°  39' 6''.  32.  80.7  H^.  88.  113,400.  84.  250.  85.  80,032,000  nearly. 
86.  77.     87.  $3.78.     88.  $1800.     89.  $384.45.     40.  $80.80.     41.  12;290. 
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4S.  $20.25.  48.  .5774.  44  .037.  45.  jh*  or  .0390625.  46.  144,864. 
47.  2,  3,  6,  9,  18.  48.  2,  3,  4,  6.  8,  9,  12, 18,  24,  36,  72.  49.  1110  = 

2  .  3  .  37  ;  777  =  3  .  7  .  37  ;  1001  =  7  .  11  •  13  ;  L.  C.  M.  2  .  3  •  5  .  7  •  11 .  37. 
60.  26.  51.  65,620.  62.  37.  68.  9;  7,567,560.  54.  2,  3,  5^,  72,  11. 
65.  2,784,873.  56.  2*  •  3»  .  11 .  13.  57.  25  A.  68.  18,480  poles. 

59.  J,  I,  il  60.  T*^.  61.  im  62.  ^^.  68.  1.09375,  .109375,  .128. 
W.  8%,  ^y  A-  66.  3,^5.  66.  1^.  67.  .025.  68.  .027.  69.  .075. 
70.  .16583.  72.  Upwards  of  30,000  yr.  78.  (1)  39.534, 

(2)  48.321,  (3)  54.197,  (4)  63.25,  (6)  63.615,  (0)  68.234,  (7)  72.932, 
(8)  76.459,  (9)  79.68,  (10)  82.951,  (11)  70.13.  74.  $11,687.50. 

76.  20,000  bu.  76.  $3087.50.  77.  $42.40.  78.  $92.67.  79.  $2,174. 
80.  $728.42.  81.  36.3  nearly.  82.  5,201,300.  88.  52,100,000  nearly. 
84.  55,310,000.  8^.  12.44496  ft.  86.  712.5  lb.  87.  320.  88.  1.292  sec. 
89.  4888{  cu.  yd.  90.  .002055  nearly.  91.  $6256.  92.  $3344. 

98.  .2665.  94.  19«.  2Jd.  95.  .15625.  96.  (a)  147,824 ;  (6)  22,098 ; 
(c)  463,180 ;  (d)  823,760.       97.  (a)  166,488  ;  (&)  626,380.        98.  640  A. 

99.  2540  revolutions.  100.  112.5  bu.  101.  ^.  102.  $76.  103.  $24,800. 
104.  10  A.       106.  $14?.        106.  (i)  .OOf ;  (ii)  .00375.        107.  (a)  1^; 

(b)  ^;   (c)  ^;   (d)  5g.  108.  99.99.  109.  W-  HO.  2.28. 

111.  $107.  112.  iJ.  118.66,720.  114.  $101.02.  116.25  ft.  11$.  35. 
117.  847.15625.  118.  28f  119.  $7260.  120.  390.  121.  1092  eggs. 
122.  Hf.  128.  23f.  124.  17.66.  126.  5.25  ft.,  212.0045  sq.  ft., 

98.328  sq.  ft.,  59.427  sq.  ft.  126.  $330.  127.  67i  mi.  128.  7.15  p.m., 
Apr.  5.  129.  9.66  a.m.  180.  7  hr.  29  min.  46  sec.  181.  63°  35  W. 
182.  156°  15'  W.         133.  135°  27'  E.         184.  (a)  70°  16'  W.,  (6)  86°  W., 

(c)  81°  45'  W.  186.  24.62%.  186.  (i)  4.16%,  (ii)  14.6%,  (iii)  28.79%, 
(iv)  17.8%.  137.  96,600.  138.  $150.  139.  $1.44.  140.  20%,  or  16^  per 
yard.  141.  $8.  142.  24f%.  148.  J.  144.  $150.  146.  38J%. 
146.  12i%.  147.  (i)  64^0/^^  (H)  gj  gal.  148.  («)  59.990/,,  (5)  32.34%, 
(c)  62.84%,  (d)  49.02%,  («)  65.57o/^  (/)  36.76o/o,  (g)  65.28o/„ 
ih)  40.83%,  (i)  41.940/0,  (j)  39.010/0,  (k)  42.020/0.  149.  $1.61. 
160.  $1.20.  161.  $182.67.  162.  £7  17s.  M,  168.  £41  IQs,  Id. 
154.  $300.  166.  $14,400.  156.  $400.  157.^  $1200.  168.  $1000. 
169.7%.  160.  $500.  161.62^.  162.  $546.69.  163.  July  23,  $597.14. 
164.  $149.15.  166.  $891.80.  166.  $1004.72.  167.  Mar.  11, 1903,  $824.89. 
168.  $459.50.  169.  7500  sq.  yd.  170.  3600  sq.  yd.  171.  $62.80. 
172.  301^  sq.  yd.  178.  1  mi.  174.  1  mi.  long,  J  mi.  wide. 
176.  4880  sq.  ft.  176.  6495  sq.  ft.  177.  355  in.  178.  814.16  sq.  in. 
179.  1256.64  sq.  in.    180.  1.9581  cu.  ft.    181.  6.07  in. 
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MISCELLANEOUS  EXAMPLES   (B) 

1.  riff.  2.  38^  16'.  3.  216.  4.  2.77  ft.  6.  2.0676  yr.  6.  3  gal.  1.02  gL 
7.  $417(5.  8.  $20.94.  9.  Ill  bu.  1  pk.  2^  qt.  10.  17f  lb.  11.  Iflj. 
18.9604.  18.1.2857142.  14.  1. 777+.  15.16  ft.  16.12.66  a.m. 
17.  9600.  18.  $11.28.  19.  3|  da.  20.  2Hf  21.  45^  bu. 

22.  82.28  yr.  23.  28^.  24.  226.27+ rd.  26.  $6.66.  26.  149.61+gai. 
27.  734  rd.  28.  90  yd.  29.  $16.67.  30.  137  da.  31.  $331.86. 
32.  453^101.  33.  Answers  will  depend  on  date.  34.  14.  35.  $9.60. 
86.  10  A.  87.  30  min.  60  sec.  38.  6  ch.  89.6+  1.  89.  $  116.36f . 
40.  $37.50,  $30,  $62.60.  41.  62.72  bu.  42.  3403}  T.  48.  Neither 
gained  nor  lost.  44.  9^jj.  45.  2296.  46.  140  A.  47.  4844.996. 
48.  $  76.16,  $83.60,  $300.60.  49.  6  hr.  1  piin.  28  sec.  a.m.  50.  Answer 
will  depend  on  day  calculation  is  made.  51.  $2800.  52.  $604.60. 
58.  $60  loss.  54.  26%.  55.  $460.  56.  10.8%.  57.  16  yr.  8  mo., 
12  yr.  6  mo.,  11  yr.  58.  $463,661.  59.  $352.36.  60.  4}%. 

61.  210,626.3  lb.  62.  $275.80.  68.  35^  %.  64.  41^  on  the  $100,  $4.92. 
65.  $6.67.  66.  $66.25.  67.  .$30,663.38+.  68.  80.  69.  2^^%. 
70.  33}%.  71.  $856.  72.  $27,200.  78.  $32.32  loss.  74.  $1092.56. 
78.  30%.  79.  lyr.  7mo.  12  da.  80.  $492.50.  81.  300%.  82.  $3200. 
83.  33}  %.  84.  35%.  85.  $37,525.  86.  $108.90.  87.  26%.  88.  $753. 
89.  $6.69.  90.  Dec.  13,  1902.  91.  $6644.63.  92.  $8616.63.  93.  3}%. 
94.  $530.  95.  $15,000.  96.  $1633.75.  97.  9}%.  98.  Tes,  $20  better. 
99.  $2042.  100.  26%.  101.  $1000.  102.  $7046.  103.  $28.01,  $42,069. 
104.  6};f  ' 
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Book,  treating  of  South  America,  is  bound  up  with  the  Second  Book,  thus  bringing 
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This  volume  has  chapters  on  Physics  —  Heat,  Light,  Electricity,  etc.  —  and  on 
Chemistry,  Meteorology,  ZoQlogy,  Botany,  The  Human  Body,  The  Races  of  Man- 
kind. Each  chapter  is  a  very  brief  and  very  clear  treatise,  complete  so  far  as  it 
goes,  which  emphasizes  the  methods  of  the  subject  in  hiind,  and  illustrates  them 
by  constant  reference  to  practical  things.  Many  simple  experiments  are  suggested, 
nearlv  all  of  which  the  child  will  wish  to  try.  Particular  stress  is  laid  on  matters 
that  lorm  part  of  a  child's  daily  life.  His  daily  experiences  are  explained,  so  that, 
for  example,  the  essential  principles  of  the  telephone,  the  dynamo,  will  be  under- 
stood. The  twentieth-century  child  rides  to  school,  it  may  be,  on  an  electric  car. 
He  ought  not  to  regard  an  electric  motor  as  a  mysterious  piece  of  benevolent 
magic.  There  should  be  some  one  to  explain  to  him  what  it  is  and  why  it  does  its 
work.  This  volume  performs  the  ofBce.  It  answers  the  questions  that  every  boy 
asks  and  stimulates  an  intelligent  curiosity.  Its  illustrations  have  been  chosen 
from  the  best  sources  and  each  one  is  accompanied  by  a  very  full  title.  Merely  to 
turn  to  the  cuts  and  to  read  their  titles  constitutes  a  tolerably  complete  elementary 
course  of  instruction.  The  author  of  the  book  is  a  teacher  of  experience,  having 
been  successively  Instructor  at  the  U.  S.  Military  Academy  at  West  Point,  Professor 
in  the  University  of  Wisconsin,  President  ol  the  University  of  California,  and 
Director  of  the  Lick  Observatory. 
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